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TtEFACE. 



A convenient Manual of Operative Military Surgery has 
been much needed in the army of the Confederate States. 
To supply this deficiency, the Surgeon-General has directed 
the preparation of the present brief collection of papers. 
Unambitious of authorship, the officers to whom this duty 
wa3 confided have sought only to supply, in the briefest 
possible period, the most comprehensive and, as near as tliey 
could, the most convenient hand-book for the use, more par- 
ticularly, of medical officers in the field. They have not, 
therefore, hesitated to use freely any material which their 
restricted opportunities and the state of the country permit- 
ted. Throughout the work such opiuions as have been de- 
rived from their personal experience, acquired cither before 
or during the war, have been freely, though briefly, ex- 
pressed. At the beginning or in the body of each artic! , 
ample acknowledgment will be found for the selections to the 
several authors from whom they have been derived. The 
work does not profess to be even a complete manual, far less 
nn elaborate treatise on Military Surgery. It will hence be 
observed that it treats of but few of t the diseases incidental 
to the camp and hospital. The selection of these few sub- 
jects have been strictly confined to those affections most 
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intimately connected with gun-shot wounds and operations, as 
Shock, Tetanus, Hospital Gangrene, Pyaemia, &c. 

The outline lithographs at the end of the volume have 
been carefully selected, and, the difficulties attending such 
work at this time being taken into view, in most instances 
accurately executed. It is hoped they will aid much in the 
elucidation of the text. 

Richmond, Va., October, 1863. 



A MANUAL 



MILITARY SUBG«RY. 

CHAPTER I. 
STJIlGrlCAL DISEASES. 

SHOCK— COLLAPSE. 

Shock is a sudden and powerful impression produced upon 
the heart through the medium of the nervous system, mani- 
festing itself in a general depression of the vital forces. This 
depression may be more or less profound, involving sometimes 
the speedy destruction of life; at other times causing only a 
momeutary impression upon the system. Between these ex- 
tremes the experience of the surgeon will afford every possible 
shade of difference. When death results from shock, there 
is no room to doubt that its mode of approach is through the 
heart; for post-mortem observations have revealed the fact, 
that that organ is, under these circumstances, constantly and 
largely distended with blood, and that the fatal issue is due, 
not to the absence of its wonted stimulus, but to paralysis of 
its muscular fibres, in cousequence of the, suspension of nervous 
influence. 

The symptoms of collapse, (a term employed to denote an 
extreme degree of shock) are substantially those of syncope, 
save that in the latter the loss of consciousness and sensibility 
is more pronounced than in the former. The patient presents 
a pale, shrunken and anxious face ; a cold and clammy sur- 
face, and a lack-lustre eye ; his respiration is accelerated, im- 
perfect and often Bighing; his pulse quick and feeble; at 
times, intermitting; at times, wholly wanting. The intel- 
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lectual faculties are occasionally obscured or aberrated, though 
not unfrequently the mind affords no manifestation of sym- 
pathy with the general disturbance. The stomach usually 
evidences its participation by nausea, vomiting and hiccough. 
The duration of this condition is very variable ; at times, pass- 
ing off promptly and entirely, leaving the patient in the posses- 
sion of his accustomed health ; at other times, continuing for 
many hours and terminating either in death or tardy recovery. 
When recovery awaits the patient, re-action, as it is termed, 
must sooner or later be experienced. The vital functions, 
hitherto depressed and almost extinguished, are re-established; 
the pulse resumes its volume and loses its frequency ; the re- 
spiration, at first sighing and oppressed, becomes deeper and 
freer; the surface regains its temperature and the counte- 
nance its accustomed expression. But this re-actionary effort 
may and often does transcend the limits of safety, and febrile 
disturbance with vascular excitement succeeds ; or, in lieu 
of this, we encounter Travers's prostration with excitement. 
This is the traumatic delirium of certain authors, differing iu 
no respect from delirium tremens, save that the limits of 
cerebral disturbance are wider in the former than iu the latter 
affection. 

Causes. — The causes of shock are resolvable into two 
classes: those which operate primarily upon the mind, as vio- 
lent mental emotions, and those which act directly upon the 
body, as severe and sudden, or extensive injuries. The shock 
consequent upon gun-shot wounds usually illustrates the ope- 
ration of both, these causes acting in conjunction, and in such 
sort that the precise measure of each in the given result can- 
not be determined. As a general rule, the greater the import- 
ance of the organ injured, the greater will be the amount of 
constitutional commotion. And although there is no constant 
relation between the amount of shock and the severity of the 
injury, yet the presence or absence of the former affords a 
valuable diagnostic indication in determining the gravity of 
the latter. It is true, however, that this indication is not 
wholly reliable, for we often find that, i > rt ing to some pecu- 
liarity of constitution, a degree of shock is manifested to 
which the accompanying injury bears no just proportion. It 
should be borne in mind, too, that while hemorrhage is itself 
a frequent source of shock, its presence never fails to aggra- 
vate that condition, from whatsoever other source it may 
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arise. McLeod says that "the commotion," I. e., shock, 
" succeeding gun-shot wounds, is greater when the lower ex- 
tremities arc injured than when the -arms suffer, and this is 
more especially seen if the person be in an ereci position 
when the injury is inflicted" It is affirmed, too, that the 
shock is greater when the ball strikes a muscle in action than 
when it impiDges upon one which is relased. 

The prognosis will be favorable or otherwise, according as 
the collapse is more or less complete. Unqualifiedly bad 
when the manifestations of life are wholly suppressed, it 
should be guardedly unfavorable when re-action is long de- 
layed and imperfectly established. Hut while a long delay in 
this process may well awaken fears for tue safety of thy pa- 
tient, a somewhat tardy re-action warrants a more favorable 
prognosis than when it quickly supervenes and is strongly de- 
veloped. If the patient be advanced in years, or of feeble 
powers, it will be remembered that in these conditions there 
is a defect of vital rcslicnce, and the prognosis will accord- 
ingly be cautiously expressed. 

Treatment. — The treatment of the disorder will depend 
upon its violence, as well as upon its duration. When the 
shock is slight, the patient having been placed in a recum- 
bent position, with the head low, the case may safely be left 
to the unassisted powers of nature. If re-action be long de- 
layed, a gentle filip may be imparted to the flagging energies 
of the system, by means of warmth externally applied, light 
frictions, and even some of the milder diffusible stimulants. 
When symptoms of collapse appear, recourse must at once be 
had to active stimulants, care being taken so to temper their 
exhibition that re-action be not thereby unduly accelerated or 
exaggerated. Among the many stimulants with which the 
surgeon's armamentarium is supplied, there are few more ac- 
ceptable to the stomach than brandy, and none as well calcu- 
lated to fulfil the indications which here present themselves. 
There are limits, however, beyond which its use cannot be 
judiciously carried. A wine-glassful or two will do all that 
may be expected of this drug, and should the system fail 
to respond to its influence in such quantity, nothing will 
be gained by oppressing the stomach with it; for being un- 
able to appropriate it, the organ seeks relief by the expulsion 
of its irritating contents. Opium is much lauded fir the 
energy with which it combats this condition of the system, 
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and, given with this view, it is recommended that the dose 
be large, and repeated according to circumstances. But, 
though salutary in its operation when the affection assumes 
the form of syncope, its use would be manifestly injudicious 
when the symptoms of coma predominate. 

Should vomiting occur as a symptom of shock, it may be 
relieved by causing the patient to swallow pellets of ice, by 
mustard plasters to the epigastrium, by the use of soda water 
or the effervescing draught. 

The military surgeon is often forced to decide upon the 
propriety of performing a capital operation upon a person who 
is the subject of shock from recent injuries or wounds. 
Though the question is not without perplexing difficulties, 
and gave rise formerly to much excited controversy, it has 
been at length definitively settled. When the prostration is 
great, delay in the operation is demanded ; but it is neither 
necessary nor judicious to wait till re-action be fully developed. 
Larrey, indeed, says that the shock, so far from contra-indi- 
cating primary amputation, ought to determine the surgeon 
thereto. MoLeod affirms that " if the constitutional depre-s 
sion be the result of an injury, which remains as a source of 
irritation, then the removal of such must manifestly be a great 
point gained." The admissibility of chloroform in such cases 
is a vexed question among medical men, though the ample 
experience of this war strongly favors its use. 

TETANUS. 

Tetanus is an affection characterized by tonic or perma- 
nent spasm of the voluntary muscles. The spasm may be 
general or partial; and when limited to the muscles of the 
inferior maxilla, it is called trisjnus, or, more commonly, locked 
jaw. 

Symptoms. — The prodromic or precursory symptoms of the 
disease, as given by Larrey and others, are pronounced by 
more recent observers to be neither constant nor reliable, and 
are therefore omitted. When, however, the attack is de- 
clared, the muscles of the lower jaw and neck are the first to 
signal its onset. The patient begins to complain of soreness 
of the throat, stiffness of the jaws, and rigidity of the neck ■ 
mastication and deglutition are not performed with their ac- 
customed facility, the tongue is with difficulty protruded, the 
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voice becomes husky and indistinct, and the throat clogged 
with a viscid mucus, which is excreated only after repeated 
efforts. As the disease progresses the countenance assumes a 
ghastly grin, risus sevrdonicus — in consequence of the con- 
traction of the facial muscles ; a severe pain is felt in the pit 
of the stomach, passing backwards to the spine, corresponding 
with the situation of the diaphragm ; the breathing becomes 
laboured, conveying at times a sense of impending suffoca- 
tion; the muscles of the trunk and extremities are involved, 
and the body becomes forcibly and unalterably curved back- 
wards, forwards or laterally. When the disease has reached 
its acme the patient presents a most appaling spectacle. The 
head is thrown back, the extremities are rigidly fixed, and the 
body, if placed in the supine posture, rests upon the occiput 
and heels. The abdomen is hard, unyielding and resonant, 
under percussion ; the bowels are obstinately confined ; the 
urine is either wholly retained, or is expelled only in small 
quantity during the violence of a paroxysm ; an offensive 
perspiration «overs the skin ; the saliva, whic^i can no longer 
be swallowed, flows from the angles of the mouth ; the coun- 
tenance is haggard, the features horribly distorted, and when 
the spasm has reached its height, cries of anguish are extorted 
from the sufferer. 

From the onset of the disease to its termination, no inter- 
mission of muscular rigidity is known, but on the contrary it 
is liable, ever and anon, to violent exacerbatious, which may be 
determined oftentimes by a touch of the patient's body, a 
slight shock of his bed, a draught of cold air, or even the 
tones of a familiar voice. 

When the disease approaches a fatal issue, a relaxation of 
the muscles is sometimes, though rarely observed, but it is 
the relaxation of exhaustion, and cannot be thought to be- 
token amendment. 

Notwithstanding the violence of these symptoms, the in- 
tellect rarely suffers impairment, and the senses are often pre- 
ternaturally acute. The pulse and respiration, save during a 
paroxysm, are usually tranquil, and display no sympathy with 
this terrible commotion of the system till the hour of disso- 
lution approaches, when lasyngismus supervenes, and the 
heart's action becomes feeble and irregular. 

Sleep, unless artificially procured, is wholly denied to the 
tfuffcror, who lives in the momentary dread of a paroxysm of 

1* 
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spasm, which sooner or later justifies his fears hy terminating 
his existence. 

In the above sketch an effort has been made to portray the 
features of acute traumatic, tetanus, and the resemblance of 
any given case to that picture will be more or less marked, as 
it approaches to or recedes from that variety of the disease. 

The modes of death in tetanus are various, though by far 
the most frequent is that by asphyxia. Death begins in the 
lungs, and is speedily ushered in when the respiratory muscles 
and those of the larynx are invaded by the disease 

Occasionally death begins at the heart, and is then due to 
spasm of its muscular fibres, which, under such circum- 
stances, are shown to be rigidly contracted. But the fatal 
termination is sometimes delayed till exhaustion or inanition 
puts a period alike to the life and sufferings of the patient. 

Causes. — The causes of tetanus are of a two-fold character ; 
they are remote or predisposing, and proximate or exciting. 
Among the former are usually classed age, constitution, sex, 
climate and race, though no time of life, habit of body, coun- 
try, tribe or sex is exempt from its inroads. 

Of traumatic tetanus the exciting causes are wounds of all 
kinds, contusions, luxations, burns, frost-bite, surgical opera- 
tions, and indeed every conceivable form of physical lesion. 

The idiopathic variety is supposed to depend upon expo- 
sure to cold and damp, intestinal irritation, intense mental ex- 
citement, or the suppression of certain natural secretions or 
adventitious drains. 

The proportion of cases of tetanus among the wounded is 
computed by Alcock to be one in every seventy-nine, though 
we have the authority of more recent writers for saying that 
the number falls very far short of that estimate. Out of 
7,740 wounded in the English army in the Eastern Campaign, 
but 23 cases of the disease are reported to have occurred ; 
while the hospitals of Italy afforded only 80 cases during the 
campaign ot 1859. (Legouest.) The experience of the war 
in which we are now engaged amply corroborates this conclu- 
sion, and proves that in this climate, at least, the complication 
is rare. 

The situation and character of the wound doubtless exert 
a decided influence in determining the development of tetanus, 
for observation teaches that it results most frequently from 
punctured or lacerated wourrds, especially of parts covered 
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with douse structures and liberally supplied with nerves ; of 
such are the feet and hands. 

Post-mortem researches have failed to demonstrate any 
special anatomical lesion peculiar to this affection, and hence 
its pathology is involved in obscurity. There is reason, how- 
ever, to believe that it consists essentially of peripheral irri- 
tation transmitted through the spinal cord to the muscular 
system. 

Diagnosis. — When tetanus is fully developed, its Chan 
is too clearly deiiued to admit of its being confounded with 
any other disease, though in its onset it has been mistaken 
for post pharyngeal abscess and rheumatism of the cervical 
muscles, and later in its progress for hydrophobia and spinal 
meningitis, from which, however, it is readily distinguish- 
able. 

If the distinction drawn between tetanus and traumatic 
spasm be recognized, the differential diagnosis may be arrived 
at thus : The latter is characterized at its onset by sudden 
and painful spasms in the wounded part itself, by localized 
contractions appearing under the form of paroxysms, repeat- 
ing and prolongingBkhernselves more and more, and passing 
speedily from theirnrst seats to the neighboring parts, and 
finally, to all the voluntary muscles. (Legouest.) Tetanus, 
on the other hand, makes its appearance first in the muscles 
of the neck and jaw, without regard to the situation of the 
wound ; it knows no intermission of its spasm, and is not 
relieved by amputation of the limb which we are informed is 
the proper remedy for traumatic spasm. 

The average duration, of acute traumatic tetanus is three 
days, though death may result from it in four or five hours, 
or be delayed for twenty or thirty days.* 

Prognosis. — In forming an opinion as to the probable result 
of a case of tetanus, it will be necessary to consider the variety 
as well as the violence of the disease. In the acute trauma- 
tic form, a speedily latal termination may certainly be prog- 
nosticated, uud so general is the assent of the profession to 
this conclusion, that the citation of authorities to establish it 
is deemed unnecessary. 

When the disease is idiopathic in its origin, 01 trelvc 



* The apocbrv.phal case of death in fifteen minutes, reported in 
ftves's Bncycl<*pdift-, 13 r'nrrosely omitted. 
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days in duration ; when the muscles of respiration and the 
larynx are not involved in the spasm ; when it is intermittent 
in type, and the heart's action undisturbed, strong hopes of 
recovery may be entertained. 

Treatment. — To enumerate the means used for the relief 
of tetanus would require a volume, to record those entitled to 
confidence does not demand a line. So varied and often con- 
flicting are the remedies used — each one, too, claiming its 
measure of successes — that to the mind of the impartial ob- 
server there must arise a doubt whether any line of practice 
is capable of influencing materially the progress or termina- 
tion of this affection. Under treatment, the most opposite, it 
will often be seen, that acute cases die, and the sub-acute and 
chronic cases recover. Nevertheless, experience has- pro- 
nounced a qualified judgment in favor of certain measures, 
which therefore, until superceded by more efficacious ones, 
are entitled to consideration. These are both local and gen- 
eral. The former consists in a careful exploration of the 
wound, the removal of foreign bodies from it, and the use of 
mild and unirritating dressings. 

The constitutional resources, after j uijicious purgation has 
been premised, are comprised in a supporting diet, and the 
free exhibition of opium, with some of the more potent sur- 
dorifies. As extreme exhaustion has been shown to be one 
of the sources of danger to the patient, the tendency to death 
in that direction has been sought to be obviated by the most 
nutritious and bracing food, administered by the mouth, 
through a tube introduced by the nostril into the stomach, or 
by enema, as the circumstances or necessities of the case 
may dictate. Brandy and opium are called for to mitigate 
pain and relieve spasm, and to this cud should be adminis- 
tered in large and repeated doses. 

Amputation of the limb, section of the nerves communica- 
ting with the wounded part, cauterization, vesication and free 
incisions (save for the extraction of foreign matter) have fallen 
into merited disuse. Chloroform, employed locally, internally 
and by inhalation, haschisch, woorara, quinia, lobelia tobacco 
mercury, iodide of potassium, alcoholir stimulants pushed to 
ebnety, tonics, antispasmodics, purgatives and anodynes elec- 
tricity and galvanism, have each in turn disappointed the 
hopes of the surgeon. So that, after a careful review of the 
treatment recooameoded, we are not surprised to hm the 
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practitioner of our owu day proclaim with John Hunter " for 
tetanus I know of no internal medicine." 

ERYSIPELAS. 

Erysipelas has been defined to be a diffused inflammation 
of the skin, or skin and cellular tissue, with a tendency to 
spread. (Druitt.) If this definition be accepted, it is with 
the qualification that the affection is not necessarily limited to 
the cutaneous or sub-cutaneous structures, but is liable with 
these to involve most of the tissues of the body, but especially 
the mucous and serous. 

The subject has been variously divided, according to the 
views or caprices of successive writers; but that division 
by which the demands of convenience, as well as practical 
utility, are most fully met is in idiopathic — the effect of ex- 
extraueoeus causes, or general influences acting upon the 
economy from without — and traumatic — when the result of 
wounds, injuries or local irritation. These forma are sub- 
divided into simple or cutaneous, phlegmonous or cellulo- 
cutaneous, and cellular. 

% Simple erysipelas may make its advent without any pre- 
cursory symptoms, though its approach is usually announced 
by anorexia, lassitude, pain in the head and back, and rigors 
more or less pronounced. The skin, in strongly marked cases, 
speedily acquires an elevated -temperature, and becomes dry; 
the tongue is broad, indented with the teeth, furred and 
flabby; and the pulse is accelerated, but usually soft and 
compressible. 

When these premonitory symptoms, which are sometimes 
so slight as wholly to escape observation, have continued for 
an indefinite period of from threo or four hours to as many 
days, the local symptoms manifest themselves. The skin of 
the affected parts presents a sharply-defined, bright, almost 
scarlet redness, which, though readily disappearing under the 
pressure of the finger, as promptly returns. The swelling in 
inconsiderable, but may be detected by passing the hand 
lightly from the unaffected to the affected surface. Pain, 
though not invariably present, is rarely escaped, and is of 
a smarting, burning or stinging character, never pulsatile. 
Minute vesicles sometimes appear upon the inflamed surface, 
filldd with transparent serum. 
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The disease early manifests a tendency to spread by in- 
vading the contiguous surfaces, and this tendency may be 
shown in one particular direction or in all directions at the 
same time. When different portions of the body are succes- 
sively attacked, the term erratic erysipelas has been employed 
to denote it. 

Phlegmonous erysipelas is ushered in by the same precur- 
sory symptoms which have been shown to precede the milder 
variety of the disease, though their intensity is not iu a direct 
and constant ratio with the violeuce of the attack. This form 
of the disease is much more dreaded, by the surgeon than cu- 
taneous erysipelas, aud justly so, for here we find not only the 
skin involved but the subjacent structures also, and the con- 
stitutional disturbance correspondingly greater. The pulse 
is quick, though compressible, and may become irregular or 
intermitting; the skin, hot and dry at first, conveying to the 
hand a sensation of pungent heat, declines in temperature as 
the disease advances, and is, at times, moist and clammy; the 
tongue is dry, brown and fissured, the bowels confined, and 
the urine scanty, high-colored and acid, containing an excess 
of urea, and is sometimes albuminous. The affected part is 
swollen from effusiou of serous fluid into the cellular tissue, is soli 
and admits of pitting ; the redness is deeper than in simple ery- 
sipelas and does not disappear entirely on pressure, and the 
pain is more acute and deep-seated. Soon, however, the 
swelling is greatly increased, and if seated in a limb, its size 
speedily rivals that of the trunk, it no longer pits, but is 
tense, hard and unyielding, and presents a dusky red or pur- 
plish hue. About the sixth or eighth day large vesicles or 
bullae stud the surface, and giving way, cover it with scabs 
or moist incrustations. In debilitated subjects, in whom the 
powers of life have been enfeebled by previous disease, the 
vesicles sometimes lose their transparency aud assume a dark, 
purple color in consequence of the escape into them of the 
coloring matter of the blood. This is an untoward indication 
and augers badly for the patient in whom it evidences a vitiation 
of the circulating fluid. If, at this stage of the disease, reso- 
lution is not reached, diffuse suppuration with sloughin^ of 
the cellular tissue results. The parts become pale, soft, 
q ua ggy an( * doughy, though distinct fluctuation cannot be 
detected for the reason that the pus is not contained in a sac 
or limited by the deposit of plastic material. This pulpy, iu- 
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elastic and doughy condition is a certain indication that sup- 
puration is ^oitig on in the diseased tissues. 

When erysipelas attacks a wouud or ulcerated surface its 
condition and actions undergo marked changes; its lips or edges 
become puffed and swollen, discharging a thin, sanious mat- 
ter ; if previously suppurating it ceases to do so, and the gran- 
ulations, pale and lifeless, soon disappear. If pain had existed 
in the wound it now becomes greatly aggravated, and is ten- 
sive, throbbing and burning. 

(James. — Erysipelas is essentially a coustitutioual disease — 
a local manifestation of a poisoned condition of the blood, and 
acknowledges, in its production, the operation of two distinct 
classes of causes, the predisposing and the exciting. 

A predisposition to the disease is engendered by certain at- 
mospheric conditions, exposure to wet and cold, intempe- 
rance, bad diet, chronic affections of the liver and kidneys, aud 
above all, to what Dr Gregory terms ochlcsis, or the poison 
emanating from the bodies of the sick in closely crowded 
apartments 

The exciting causes are wounds or injuries of any descrip- 
tion, in any portion of the body, but especially those of the 
scalp, and gun-shot, lacerated, contused, punctured and pois- 
oned wounds of the extremeties — infection and contagion. 

"The modus operandi of certain of these causes cannot be 
doubted, they are zymotic ; that is, they act like ferments on 
the blood, and communicate to it a disposition to undergo the 
same changes in composition which they are themselves un- 
dergoing. The blood so poisoned deposits in the affected 
parts of the body an unhealthy plasma, which causes wide- 
spreading irritation aud exudation." 

The disease is liable to epidemic prevalence, and it is then 
that it is exceedingly prone to assume its most intractable and 
fatal form, though we not un frequently see the different va- 
rieties of the disease co-existing epidemically iu the same 
community. When an epidemic tendeucy of the atmosphere 
exists, the most trivial injur/ or the smallest abrasion is suffi- 
cient to light up the disease, and hence no surgeon would, at 
u. Ii time, attempt any operation which the most imperious 
necessity did not demand. 

Termini it ions. — Cutaneous erysipelas may run its course in 
from five to seven days, and terminate in resolution with des- 
quamation oF the cutiole, but where phlyet9&na exist, thocure 
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is delayed in consequence of the superficial ulcerations to 
which they give rise. 

Irjstead of running its course with regularity, and termi- 
nating in the time and manner prescribed, it somtimes as- 
sumes the erratic form, and, advancing gradually from site 
to site, declining at one point as it progresses at another, the 
entire cutaneous surface mny, sooner or later, become involved 
in the disease. When it takes on this ambulant or wandering 
form, its duration is indefinitely prolonged, and its course 
should be regarded with suspicion, for though it is of the 
cutaneous variety, and never ends in suppuration, and rarely 
in vesication, its subjects are those of feeble constitution, and, 
for the most part, the victims of chronic organic disease. 
But the progress and termination of the affection may be 
modified by a metastatic tendency — a disposition to sudden 
recession of the inflammation at one point, with an equally 
sudden developement of it at another and, it may be, remote 
point, or to its translation from the external surface to the 
internal organs. 

In phlegmonous erysipelas, when the inflammation does not 
yield to treatment by the sixth or eighth day, sloughing and 
suppuration of the sub-cutaneous, and also the inter-muscular 
areolar tissue, take place. Cellular tissue, thus destroyed, is 
not re-produced, and the skin in such cases contracts adhe- 
sions with the aponeuroses or muscles, or it may even be with 
the bone itself, by means of an adventitious, or, as Delpeeh 
terms it, modular tissue, whence result deformity and the 
abolition of the functions of the part. 

Even where suppuration, with extensive loss of substance, 
is not experienced, the intensity of the morbid action may be 
such, that the softness and mobility of the skin are for a long 
period impaired or permanently destroyed, and the cellular 
tissue is converted, by effusion of plastic lymph, into a 
brawny and inelastic mass. It sometimes happens that the 
disease runs on to the destruction of both the skin and cellu- 
lar tissue of an entire limb, and in such cases, if recovery 
take place, loss of function is inevitable. 

Death by coma may terminate the disease in consequence 
of its extension to the brain or its meninges Or the mucous 
membrane of the pharynx and larynx becoming involved, se- 
rious effusion may take place into the sub-mucous tissue, and 
death by ajjiiakt result from oedma uf the glottis. Death 
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sometimes begins at the heart, especially when the attack is 
prolonged and the patient imperfectly nourished and much 
debilitated by previous disease. The prognosis of erysipelas 
must depend upon a variety of circumstances, as the age, 
habits, constitution and surroundings of the patient, the con- 
dition of the atmosphere, and the seat of the disease, as well 
as upon the form which it assumes. 

Where the malady affects only the skin, and does not in- 
volve the integuement of the head or face — where the in- 
flammation is not of the erratic form, and the patient is young, 
vigorous and temperate — a favorable opinion may be unre- 
servedly expressed ; but should the disease prove phlegmonous 
or oedernatous in character — should the head and face become 
implicated, especially in an old and feeble subject — should it 
attack the throat or brain, or should the accompanying fever 
prove to be of a typhoid type — the prognosis should be guard- 
edly pronounced. 

Preventive treatment. — Since the agency of impure air, un- 
wholesome food, intemperance, crowded hospitals, contagion 
and infection, is recognized in the production of erysipelas, 
it behooves the military surgeon, to whom is entrusted the 
preservation of the health of the soldier, to look well to the 
character of the locality chosen for his camp or hospital, to 
take care that it be not low, damp, or malarious; that the 
tents be so pitched, with reference to each other, as to admit 
of a free circulation of air between them ; that the hospitals 
be freely ventilated ; that they be not crowded with inmates — 
an area of not less -than 1500 cubic feet being allotted to 
each — that their walls be frequently whitewashed, and their 
floors dry-scrubbed. A frequent use of the warm bath, by 
promoting a healthy action of the skin, will greatly diminish 
the tendency to this disease. Should it make its appearance, 
those affected by it should at once be isolated either in tents 
or small rooms. The practice of establishing large wards for 
erysipelas, though doubtless convenient, is nevertheless repre- 
hensible, as tending to increase its violence, by intensifying 
the conditions favorable to its development and spread. 

In describing the treatment of erysipelas, it will be conve- 
nient to consider, first, those measures which are adapted to 
the relief of its milder or cutaneous variety, calling attention 
to the constitutional, and afterwards to the local remedies. 
Venesection, though formerly much in vogue in the treat- 
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ment of this affection, is now no longer countenanced. 
Emetics are of far less doubtful utility, but may, unless the 
stomach be oppressed with iugesta or vitiated secretions, be 
advantageously superceded by purgatives. Constipation, which 
ha? been shown to be one of the symptoms of the disease in 
al) its varieties, must be met by the timely use of cathartics, 
and for this purpose eight or ten grains of calomel, -with as 
many of rhubarb or jalap, should be given and repeated 
daily, so long as the alvine evacuations are dark-colored, liquid, 
and offensive. But even here the military surgeon should 
bear in mind the exceeding proneness to ulceration of the 
intestines which exists among soldiers in the field, and exer- 
cise a wise discretion in the use of this class of remedies. 
Refrigerants, as acetate of ammonia, or the effervescing mix- 
ture, are grateful to the patient, and may be employed to ad- 
vantage, if there be much febrile disturbance Tincture of 
the sesqui chloride of iron has acquired almost the reputation 
of a specific in the treatment of erysipelas in all its forms, 
and may be given in quantities of from two to eight, or ten 
drachms in the twenty-four hours. In that form of the disease 
now under consideration, it will suffice to give twenty or thirty 
drops in a wine-glassful of water every four hours. When 
the condition of the patient demands tonics — and it is rare 
that it does not — two grains of-quinine may be advantageously 
combined with each dose of the foregoing preparation. The 
diet of the patient should be nourishing and supporting, 
without being stimulating. Lf the patient has accustomed 
himself to the daily use of ardent spirits, they should not 
now be wholly interdicted, lest the vital powers, already de- 
pressed by the disease, be still farther reduced through the 
defect of their accustomed stimulus. Opium may be given, 
especially at night, to allay restlessness and promote sleep, 
provided there be no head symptoms present. 

The local remedies for cutaneous erysipelas are, for the most 
part, mild and uuirritating in their action. They consist in 
' warm fomentations with decoction of poppy heads, envelop- 
oping the inflamed surface with carded cotton, or dredging it 
with flour. Advantage sometimes results from painting the 
diseased parts twice daily with the tincture of iodine, diluted 
with an equal quantity of alcohol ; the application should 
encroach somewhat upon the sound skin. The sulphate of 
iron has enjoyed, since its introduction to the notice of the 
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profession by Velpeau, a wide reputation as a iocal remedy in 
erysipelas. For this purpose a solution containing au ounce 
of the salt to a pint of water is applied to the inflamed sur- 
face by meaus of compresses moistened with it. The efficacy 
of blisters in cutting short this morbid action is much insisted 
upon by certain writers — but experience would restrict their 
use to the erratic form of the disease, in which they some- 
times exert a promptly beneficial effect. The nitrate of silver 
is frequently applied to the skin of the affected part, either 
by pencilling it with a strong solution, or by bringing the 
solid caustic, previously moistened, in contact with every por- 
tion of it. This is a measure of dubious propriety, for the 
blackening which results from the application of this sub- 
stance, and the consequent concealment of the surface from 
further observation, is scarcely atoned for by the amount of 
benefit resulting from it. . 

A less doubtful use of the nitrate of silver is its employ- 
ment in limiting the spread of the disease by belting the 
affected part with a saturated solution of the salt, or with the 
solid caustic. To render this effectual, the caustic should be 
applied upon the sound skin in such manner as completely to 
circumscribe the diseased portion. Collodion, creasote, acetate 
of lead, tincture of iron, sulphate of copper, mercurial oint- 
ment, arc a few of the many topical remedies advised, and 
convenience or necessity may sometimes dictate a recourse to- 
one or other of them. In cutaneous erysipelas incisions are 
not called for, though, when the swelling, pain and redness 
are great, benefit will inure to the patient from numerous 
minute puncture?, as recommended by Dobson — from one- 
fourth to one-fifth of an inch in depth, made with the point 
of a lancet or bistouri, as by this means the overloaded capil- 
'larics are relieve 1, and the tension thereby greatly diminished. 
Compression, by means of the roller bandage, though recom- 
mended by Velpeau, and practised by some surgeons, can 
only be used to advantage when the inflammation begins to 
decline, and the parts are loft in au unhealthy and swollen 
condition. 

The influence of position in combatting inflammatory action 
is nowhere more clearly demonstrated than in the treatment 
of erysipelas. Throughout the entire progress of the case, 
the affected limb should be elevated and maintained perfectly 
at reflt. 



20 SURCxICAT, DISEASES. 

The constitutional treatment of phlegmonous erysipUas must 
be determined and regulated by the stage of the disease, or 
rather by its attendant symptoms. At "its onset, when for a 
brief period, as has been stated, the fever is of the sthenic 
type, purgatives, with saline diaphoretics are indicated. When 
typhoid symptoms appear — and their approach is always an- 
nounced by an increased frequency and loss of force in the 
pulse, as well as by dryness and brownness of the tongue — the 
patient's strength should be sustained by the most nutritions 
food, conjoined with alcoholic stimulants, carbonate of ammo- 
nia and quinine. Beef essence, milk punch or toddy, wine 
whey, or the egg and brandy mixture of the British Pharma- 
copoeia, should be administered ad libitum. Should nausea 
or vomiting supervene, it may often be relieved by brandy and 
soda water, the effervescing mixture, or a pill of crude opium, 
with or without a minute portion of calomel. 

In phlegmonous erysipelas, however, as in the simple 
variety, much reliance is placed upon the muriated tincture 
of iron, in doses of from thirty to sixty drops, repeated at in- 
tervals of one, two or three hours, according to the violence 
of the inflammation.* This drug has been pushed to the 
extent of two ounces in the twenty-four hours, in cases threat- 
ening a speedily fatal termination, with good results. To 
attain the beneficial effects of this preparation, it will be ne- 
cessary that the alimentary canal be previously evacuated, and 
its secretions altered and improved. To the neglect of this 
precaution is doubtless due the disappointment which some 
practitioners have experienced in its employment. Quinine 
may conveniently, as well as advantageously, be combined 
with the iron in such manner that each dose of the latter 
Shall contain a proportion of the former. 

The local remedies for cellulo-cutaneous erysipelas are sub- 
stantially those recommended for the milder affection, save 
that in the former greater promptness is necessary in their 
adoption, and greater energy in their application. Incisions, 
after the manner of Dr. Hutchison, made through the dis- 
eased structures, are most salutary in their effects, and cannot, 
at certain stages of the inflammation, be dispensed with. A 



* When the iron, given in these doses, irritates the bowels, 
causing catharsis, the dose should be lessened or the medicine 
pretermitted. 
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timely recourse to this expedient may not only contribute 
largely to the recovery of the patient, but may suffice to 
cut short the disease, and wards off the fearful consequences 
of diffuse suppuration and sloughing. These incisions to be 
effectual should be made " through the cellular tissue, down 
to the deep-seated fascia, which should not be divided in the 
first instance." (Guthrie.) 

When the parts are hard, tense and brawny, and the skin 
deeply congested or purple, much good may be anticipated 
from this measure as affording an outlet to the infiltrated 
fluids which, by their pressure upon the vessels, threaten 
strangulation and gangrene of the part. Guthrie says " as 
soon as the inflamed part communicates the springy, fluctua- 
ting sensation approaching, but not yet arrived at the quag- 
miry feel alluded to, an incision should be madc*into it, when 
the areolar or cells of the cellular tissue will be seen of a bright, 
leaden color and of a gelatinous appearance, arising from the 
fluid secreted into them, being now nearly in the act of being 
converted into pus." 

At a still later period, when the parts have become boggy, 
soft and scmifiuctuating, incisions arc iudispcusible to give 
exit to the pent up pus and sloughing cellular tissue. The 
resulting hemorrhage should be controlled by, the pressure of 
the fingers, or a compress applied to the wounds and the ele- 
vation of the part, after which it should be fomented or en- 
veloped in cloths wrung out of a warm decoction of poppies 
or chamomile flowers. So great is the importance of the pe- 
riod at which the incisions should be made, that the following 
rule upon that subject has been given by a recent author : 
" In the early stages of phlegmonous erysipelas, in the course 
of the first two or three days, attempts may be made to arrest 
the course of the inflammation by the means which are found 
most effective in the simple forms. Should these not be 
found of any avail in checking it, incisions should be at once 
resorted to freely and decisively ; and they should be resorted 
to afterwards whenever it may be found that pus is lodged, or 
that the cellular tissue has been destroyed in parts removed 
from the neighborhood of those previously made." The inci- 
sions should be made in the direction of the longitudinal 
axis of the limb, to avoid doing injury to the muscles, nerves 
and arteries ; they should uot be more than two inches in 
length, nor should the spaces between them exceed three. 
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The objections to the long incisions recommended and prac- 
ticed by Lawrence are,.that the hemorrhage is excessive, hav- 
ing, in some instances, proved fatal, and in others, rendering 
necessary the ligation of the main artery of the limb; that the 
shock attending their infliction is very considerable, and ii 
badly borne by those among whom the disease is most Ire- 
quently encountered ; and that the swelling and tension of the 
inflamed parts are not more effectually relieved by them, than 
by well-planned short incision. South recommends that they 
be made diamond shape, thus : 



and maintains that by this means more relief is afforded than 
by incisions, which involve even the entire length of the 
limb. If suppuration has already commenced, the discharge 
will be very copious for some days, during which much care 
and frequent dressings will be necessary. When shreds of 
disorganized tissue or gangi\-uou: ; masses are seen, they should, 
if possible, be removed, since their presence is a source of 
irritation, and their extrusion, if left to nature, must be long 
delayed. The subsequent treatment consists in the applica- 
tion to the parts, of moistened lint or linen, which should be 
retained in position by means of a roller .bandage, so applied 
as to exert a very gentle pressure, and afford an equable Sup- 
port. Should the process of separation be sluggish, and local 
stimulation become necessary, the lint may be saturated with 
the " red wash," than which there is nothing better for this 
purpose. The formula for its preparation is as follows : 

Take of Sulphate of zinc, grs. xvi. 

Compound spirits of lavender, ^ij. 
Spirits, of rosemary, ^ij. 
Water, 3 viij . 

The application may, however, be varied to meet the neces- 
sities of the case, or the fancy of the surgeon. Convalescence 
is usually slow, and recovery is often for a long period very 



partial. Pending such a result, a generous diet, with wine, 
iron and some of the vegetable tonie3 should be prescribed. 
Gentle exercise in the open air, as soon as the strength of tho 
patient admits of it, will contribute much towards his restora- 
tion to health. 

Cellular erysipelas, or, as it is more frequently called, cellu- 
litis, or diffuse inflammation of the cellular tissue, is, for tho 
most part, traumatic in its origin, though predicated upon a 
depraved state of the blood, as shown by the typhoid charac- 
ter of its symptoms. Its local manifestations are somewhat 
peculiar, and serve to distinguish it from cellulo-cutaneous 
erysipelas, with which it is nearly identified in its origin, de- 
velopment, terminations and treatment. The 3kin, not being 
implicated in the disease, save a3 a consequence of the de- 
struction of the subjacent tissues, suffers no change of color, 
beyond, at times, a slight erythematous blush ; the swelling 
is great, though undefined ; and the limb is tense, shining, 
brawny and painful, but very presently becomes soft, and 
crepitating. The progress of the disease is rapid, and some- 
times ends in the destruction of the patient, even before sup- 
puration is established, the vital forces being overwhelmed by 
the. accumulated poison of the blood. Vv here such an event 
does not take place, the case may not the less surely, though 
more tardily, terminate in death, in consequence cf the ex- 
tensive sloughing and profuse suppuration to which it gives 
rise. 

When cellular erysipelas makes its appearance in a wound — 
it matters not how otherwise trivial — it becomes at once in- 
vested with the gravest import, and should awaken apprehen- 
sions the most serious ; for, though the disease may terminate 
in resolution, such an issue is exceedingly rare, and should 
not be reckoned upon. 

Its treatment differs from that of phlegmonous erysipelas 
only in respect to the date of the incisions, which, in the 
cellular variety, should be made so soon as the character of 
the disease is declared, without waiting for those local signs 
that elsewhere determine to their use. 

It is not thought necessary to consider separately the special 
forms of erysipelas given by most authors, as that of the orbit, 
the head, the scrotum, &c., for the reason that they are all of 
them — with perhaps some slight modifications — amenable to 
the rules already laid down. 
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PYEMIA. 

The terms pyaemia, pyohaeinia, purulent infection, purulent 
resorption, purulent diathesis, purulent phlebitis, and puru- 
lent fever, have all been employed, according to the views of 
each individual writer, to designate the same disease, or some 
of its modifications, and are only valuable as setting forth in a 
word the different opinions which are entertained of its na- 
ture. They all imply a vitiation of the blood by the admix- 
ture with it of pus. 

Without an unqualified endorsement of the pathology in- 
volved in the foregoing denominations, the term pyaemia is 
here employed to signify that systematic poisoning which re- 
sults from the introduction of septic matters into the circu- 
lation, and is characterized by a tendency to purulent deposits 
in one or more of the organs or tissues of the body. 

Though it does not comport with the limits or design of 
this work to enter upon the interesting and still unsettled 
etiological questions involved in this subject, yet it cannot be 
omitted to state, that recent observations have failed to detect, 
with certainty, the presence of pus in the blood ; that the se- 
condary manifestations of the disease are sometimes wholly 
independent of primary local suppuration; and, lastly, that 
the abscesses which are developed at various portions of the 
frame are not at first purulent in their character. 

These conclusions, if corroborated by further investigation, 
must overthrow the recently received views on the subject of 
pyaemia. And it remains to be seen how far the newly ven- 
tilated theory that the secondary deposits or collections of 
pus are due to mechanical obstruction, caused by the entan- 
glement in the lesser veins of the debris of disintegrated 
clots or detached portions of fibrin, will be sustained when 
submitted to the same test. 

Cause. — The causes of pyaemia are both predisposing and 
exciting. Among the former are reckoned habits of life, 
temperament, physical condition of the patient, and epidemic 
constitution of the atmosphere. Those of temperate habits, 
equable temper and vigorous constitution are rarely the subjects 
of this disease, whilst the feeble, desponding and dissipated 
are especially liable to its attacks, if long confined within the 
crowded wards of an hospital. 
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The life of the soldier — its hardships, privations and expo- 
sures, its sudden alternatious-of excitement and despondency — 
is well calculated to engender that condition of the fluids of 
the system which predisposes to pyaemia. 

The exciting causes are wounds or injuries of any portion 
of the frame, but especially of the veins and bones. 

We find it supervening upon surgical operations, both great 
and small, resections, amputations and disarticulations, though 
the subjects of surgical operations arc more liable to its at- 
tacks than those who have sustained gun-shot wounds. 

Symptoms. — The symptoms of pyaemia are local and gene- 
ral, though the local symptoms arejiot of great significance. 
If the wound is suppurating at the time of the attack, it no 
longer does so, but becomes dry, and the adjacent surface as- 
sumes a livid or dusky aspect. These symptoms are not con- 
stant, for the disease frequently declares itself without any 
local threat of the coming trouble. A sign to which Le- 
gouest {Chirurgie d' Anncc,') attaches importance, is pain 
along the course of the veins, which, he says, however, is 
frequently wanting. 

The general symptoms, when the disease assumes the acute 
form, are ushered in by severe rigors or shiverings which 
may last an hour or even more. The hot stage, with acceler- 
ation of pulse, then supervenes, but is of brief duration, and 
is speedily followed by copious, exhausting and long continued 
sweats. A period of tranquility succeeds, during which the 
patient expresses himself as greatly better, and is sustained 
in that belief by his attendants, who, unless familiar with the 
treacherous character of this malady, are apt to consider these 
phenomena as the paroxysm of an intermittent fever. But, 
ere long another chill is experienced, and is speedily followed 
by another and another, each it may be more intense and 
protracted than its predecessor, and separated from each other 
by short and irregular intervals. The pulse becomes quick, 
small, thready; the respiration short and hurried, attended 
with dry cough ; the physiognomy altered ; the skin clammy and 
often jaundiced; the tongue dry and furred; the teeth and lips 
not unfrequently covered with sordes. The patient now begins 
to experience pain, sometimes in the chest, sometimes in the 
right hypochondrium, and sometimes, it may be, in the vicinity 
of the larger joints. These pains point to the formation 
of the so-called metastatic abscesses, which are liable to be de- 
2 
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veloped in various portions of the system. Abscesses, how- 
ever, may and often do occur without such premonition, and 
even attain a large size before their presence is suspected. 

Concurrently with the formation of these purulent collec- 
tions, there is more or less hebetude manifested by tendency 
to sleep, though such sleep is neither refreshing nor pro- 
found, but is attended with a constant muttering. When 
roused, however, the patient evinces no impairment of in- 
tellect. If, now, -the stethoscope be applied to the chest, 
crepitation is distinctly heard over the greater portion of its 
parietes, whilst percussion affords a corresponding diminution 
of resonance. 

Death by asthenia usually closes the scene in from five to 
ten days, though when the disease is slowly developed, it may 
last for fifteen or even twenty daj^s. Occasionally, this fear- 
ful malady runs its course with yet greater celerity. " Within 
twenty-four hours in acute cases there are rigors, vertigo 
and general uneasiness. Then follow heat, perspiration and 
increased rapidity of pulse. The seat of inoculation is dusky, 
indurated, often pustular, or, if it had been before secreting pus, 
the discharge ceases. Radiating from this centre, the integu- 
ment is distended with a serous effusion, presently to be min- 
gled with thin sanious pus. The swelling, generally some- 
what elastic, is hard and tense over eularging and painful 
glands. The blood, deranging the heart's action, is circulated 
violentby and rapidly through the system ; exuding from its 
vessels, as in purpura, it stains the surrounding tissues, forms 
ecchymoses in internal organs, or is poured out upon mucous 
surfaces, and is then chiefly removed with purging or vomit- 
ing. In another twenty-four hours, the patient — flushed, 
anxious, restless, even delirious, is in a hopeless conditiou, 
with prostration and rapid sinking." (See Callender, Art. 
Pyaem: Holmes' System. Surgery.) When the disease thus 
rapidly runs its course there is an entire suppression of local 
symptoms, and it then assumes the character of typhoid fever, 
and might, with propriety, be called pyogenic fever. 

Prognosis. — When it is known that pytcmia is the cause of 
death in 43 per cent, of all fatal primary imputations, and in 
25 per cent, of all fatal secondary amputations ; when it is 
shown that 10 per cent, of all amputations terminate in death 
from the same cause, (Bryant,) the fatal character of this ter- 
rible scourge, will be vindicated. Lalleron tells us that of 
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539 amputations performed by him at Constantinople, he lost 
nearly one-fourth from pyaemia ; and of those performed in 
the continuity of bone, his loss was one in two and a half. In 
the hospitals of Brescia, in Italy, 1839, the mortality from 
this source, after amputation, was 52 per cent.; at Milan 
something over 27 per cent. 

There is little room to doubt, when the symptoms of sys- 
temic poisoning are accompanied by its secondary manifes- 
tations in the form of purulent abscesses, that the disease must 
terminate fatally. Now and then an instance of recovery is 
recorded, but this is so rare in comparison with the whole 
number of cases, as to leave no rational ground of hope for 
such a result. When the symptoms are tardy of development, 
and the constitution of the patient is not seriously impaired ; 
when the purulent collections are limited to the cellular 
planes, and do not involve the viscera or their cavities, expe- 
rience teaches that judicious treatment may sometimes, though 
rarely, effect a cure. 

To arrest the ravages of this terribly fatal disease, we may 
readily conceive has taxed the ablest talent of the profession, 
and the amplest resources of the materia medica. No means, 
whether prophylactic or curative, general or local, which af- 
forded a prospect of benefit, have been overlooked, and yet 
its mortality is fearfully great, fully justifying the language 
of a recent writer, (Holmes' Syst. Surgery,) when he states 
that " practical surgeons acknowledge that very little chance 
remains for the patient who, after an operation, (or gun-shot 
wound ?) is attacked with the symptoms of this disease." 

The treatment employed is both preventive and curative. 
Under the head of the former we find measures, some of 
which are simply valueless, whilst others are positively mis- 
chievous. Thus, we find one surgeon (Teissier) recommends 
the internal use of aconite ; another, sub-cutaneous amputa- 
tions ; another, the use of the actual cautery instead of* the 
knife, in amputations; and yet others — among whom is Le- 
gouest — warn us of the danger of seeking union by the first 
intention ! Of these measures the aconite treatment is cer- 
tainly the least injurious, though the propriety of its daily 
administration to all the wounded of an hospital, may well be 
questioned, when it is known that the experience of the pro- 
fession is adverse to its efficacy. 

Something, however, may be effected in the way of preven- 
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tion, and to such means every attention should be paid. These 
consist in observing scrupulous cleanliness about the person 
and apartment of the patient. The room should be freely 
ventilated, and the wound carefully washed and dressed as 
often as its condition requires ; and in doing this, avoid the 
use of sponges, as the most prolific source of contagion known 
to the hospital surgeon. All depressing causes, both mental 
and physical, should, as far as possible, be removed. Patients 
should not be crowded together, for experience teaches that 
they fare better in tents, or even in the open air, than when 
immersed in the poisoned atmosphere of a crowded hospital. 

When the disease has once made its appearance, recourse 
is had to local, as well as general treatment. As local reme- 
dies, we are advised to employ blisters, escharotics — as nitrate 
of silver, chloride of zinc, per-chloride of iron, the mineral 
acids, and the actual cautery. The weight of authority is 
here in favor of the liquor of the per-chloride of iron, di- 
luted or not, according to the degree of eifect which it is 
sought to produce. The liquid should be brought, and re- 
tained, in contact with the entire surface of the wound, reach- 
ing into its sinuses and depressions, by means of masses of 
charpie, or lint previously saturated with it. Unless the con- 
dition of the wound is particularly unfavorable, manifesting 
a tendency to diffuse cellulitis, one such dressing suffices for 
twenty-four hours. 

When evidences of amendment appear, the fluid may be 
further diluted, until its use is superseded by simple dress- 
ings. To condemn amputation as a remedy for pyrcmia, 
though recommended and even practiced by some surgeons, 
it is only necessary to mention it. 

The constitutional measures are such as look to the support 
of the patient's strength, and the improvement of his general 
condition. It is almost needless to say that depressing reme- 
dies of every kind are inadmissible, and that so far from bleed- 
ing, purging and vomiting a patient in whom the vital powers 
are enfeebled by a subtle blood-poison, we should seek to sus- 
tain his strength till nature resumes her sway and establishes 
re-action. To carry out the indications, milk toddy, wine, beef 
tea, and quinine, are especially worthy of reliance. The salt 
may be given to the extent of fifteen or twenty grains daily, 
with or without some of the preparations of iron." Opium may 
often be employed to advantage, when pain and restlessness 
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arc experienced. And with this view the nightly exhibition 
of Dover's powder lias been strongly recommended. 

When secondary, abscesses present themselves, they should 
be freely opened, and subsequently treated on general prin- 
ciples. 

HOSPITAL GANGRENE. 

This affection, under the names Sloughing Phagedena, 
Pulpy Gangrene, Phagedsena Gangrenosa, Putrid Deg&he- 
ration, Pourriture d'Hopitdl, Humid Gtmgrene, Diphtherite 
of Wounds, and Traumatic Typhus, has long been known to 
the profession, and especially to the military surgeon. Though 
sporadic cases arc now and then met with by the general prac- 
titioner, its peculiar habitat, as its name implies, is the hos- 
pital, in which it formerly prevailed to such an extent as to 
lead its early historian, louteau, seriously to inquire, "Arc 
hospitals, then, more pernicious than useful to humauity V 
With the modern improvements in sanitary regulations, how- 
ever, it has nearly disappeared from civil practice*, and con- 
fines its ravages; in a great measure, to the wounded' inmates 
of the over-crowded, illy-ventilated, and often filthy, extem- 
poraneous hospitals of the military surgeon. So well recog- 
nized is the effect of " over-crowding" in causing this fatal 
disease, that from its earliest noticcs,,through successive gene- 
rations of writers, especial stress is laid upon it by each ; and 
Lcgouest, writing in April of the present year, says,' after re- 
viewing the supposed agency of various other causes, " But 
the veritable cause of hospital gangrene appears pre-eminently 
to reside in over-crowding. It oscillates and vibrates, in 
short, with the movements of the sick; declining and disap- 
pearing when their number diminishes; returning and in- 
creasing in virulence when it is augmented." If to this 
cause be added the operation of contagion and infection, the 
predisposing influence of all depressing agencies, both moral 
and physical, together, possibly, with certain atmospheric con- 
ditions, or epidemic tendencies, all that is at present known 
of the origin of this disease will have been said. 

Symptoms. — In describing the characteristics of the milder 
form of hospital gangrene McLeod says, " the earliest symp- 
tom was pain in the part, which sometimes preceded the 
ulcerative process by a couple of days. The edges of the 
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wound did not swell up, but remained thin, as they were un- 
dermined. The pain generally continued during the process 
of destruction. It appeared chiefly in the lower extremities, 
and in wounds whose progress towards cure had been for sonic 
time stationary. It seldom burrowed far into the intermuscular 
tissue, but confined its ravages to the surface and the circum- 
ference of the wound/' This is the usual mode in which the 
disease presents itself when it occurs in isolated cases, and 
under favorable circumstances of hygiene. But when the 
predisposing and exciting causes conspire to give it intensity, 
its progress towards destruction is fearfully rapid. The same 
author says of the disease in this more malignant form, "The 
cases of all of those who died in my wards seemed to be doing 
perfectly well up to sixteen hours, at the farthest, before death. 
During the night previous to death, the patient was restless, 
but did not complain of any particular uneasiness. At the 
morning visit, the expression seemed unaccountably anxious, 
and the pulse was slightly raised. The skin was moist, and 
the tongue clean. By this time the stump felt, as the patient 
expressed it, heavy like lead, and a burning, stinging pain 
had begun to shoot through it. On removing the dressings, 
the stump was found slightly swollen and hard, and the dis- 
charge had become thin, gleety, colored with blood, and hav- 
ing masses of matter, like *a;ruel, occasionally mixed with it. 
A few hours afterwards, the limb would be greatly swollen, 
the skin tense and white, and marked along its surface by 
prominent blue veins. The cut edges of the stump looked 
like pork. Acute pain was felt; a cold sweat covered the 
body; the stomach was irritable, and the pulse weak and 
frequent. The respiration became short and hurried. The 
heart's action gradually and surely got weaker till, from four- 
teen to sixteen hours from the first bad symptom, death re- 
lieved his sufferings." Guthrie, in describing the disease, 
uses the following graphic language : " A wound attacked by 
hospital gangrene, in its most concentrated and active form, 
presents a horrible aspect after the first forty-eight hours. 
The whole surface has become of a dark -red color, of a ragged 
appearance, with blood partly coagulated, and apparently half- 
putrid, adhering at every point. The edges are everted, the 
cuticle separating from half to three-quarters of an inch around, 
with a concentric circle of inflammation extending an inch or 
two beyond it ; the limb is usually swollen for some distance, 
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of a shitting, white color, and not peculiarly sensible except 
in spots ; the whole of it being, perhaps, (edematous or pasty. 
The pain is burning, aud unbearable in the part itself, whilst 
the extension of the disease, generally in a circular direction, 
may be marked from hour to hour ; so that, in from another 
twenty-four to forty eight hoyrs, nearly the whole of the calf 
of a leg, or the muscles of a buttock, or- even of the wall of 
the abdomen, may disappear, leaving a deep, great hollow, or 
hiatus, of the most destructive character, exhaling a peculiar 
stench, which can never be mistaken, and spreading with a 
rapidity quite awful to contemplate. The great nerves and 
arteries appear to resist its influence longer than the muscular 
structures, but these at last yield ; the largest nerves arc 
destroyed, and the arteries give way, frequently closing the 
scene, after repeated hemorrhages, by one which proves the 
last solace of the unfortunate sufferer. * * * The joints 
offer little resistance; the capsular aud synovial membranes 
arc soon invaded, and the ends of the bones laid bare. The 
extension of the disease is, in the first instance, through the 
medium of the cellular structure of the body. The skin is 
undermined and falls in ; or a painful, red, and soon black, 
patch or spot is perceived at some distance from the original 
mischief, prcpaiatory to the whole becoming one mass of 
putridity, whilst the sufferings of the patient are extreme." 

To this picture, drawu by the baud of the great apostle of 
military surgery, it is needless to add ; though, as has been 
already said, the disease does not always assume a character 
of such intense malignity. Instead of this rapidly destructive 
gangrenous variety, we sometimes eucountcr its sloughing, 
pulpy, or, as it has been called, diphtheritic form. This is 
characterized by the formation of a thick semi-concrete, grey- 
ish or greenish mass, which attaches itself firmly to the ulcer, 
the edges of which are sharply defined, everted and circular 
in form. There is much stinging and lancinating pain expe- 
rienced, and the discharge is thin, sanious, or greenish brown, 
aud excessively offensive. When these pseudo-membranous 
masses, or rather sloughs, are detached, there remains a raw, 
bleeding surface, which may be partially concealed beneath a 
stratum ^ of thin, greenish yellow, and offensive pus. The 
parts thus exposed are exceedingly liable to be transformed 
into the same substance as before, and this, in turn, being 
thrown off, the limits of the morbid action are gradually ex- 
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tended. Should a large artery be encountered, its vitality is 
retained, and its integrity preserved, for a short period, but 
yielding finally to the resistless nature of the attack, a co- 
pious, and, it may be, fatal hemorrhage results, for no effort is 
here made by nature to seal up the vessel, or to plug its ex- 
tremity with a coagulum. 9 

Death from hospital gangrene may take place in the rapid 
and inevitable manner shown by McLeod, through the over- 
whelming effect of the poison upon the system ; or, the dis- 
ease progressing more tardily, the patient may succumb from 
exhaustion, hemorrhage, hectic or pyaemia. 

Treatment. — The treatment of thi.< " child of the typhus," 
as it has been called, comprises both prophylactic and pre- 
ventive measures. The latter, unfortunately, are little under 
the control of the field surgeon, who is often compelled, by 
the necessities of war, to do violence to all his ideas of sani- 
tary propriety, by crowding large numbers of sick and 
wounded soldiers into very circumscribed, and, it may be, 
damp and ill-ventilated apartments. Neither can he guard 
those under his care against the inure remotely predisposing 
causes of this disease, such as excessive fatigue, exposure, in- 
sufficient or improper food, and much less can he ward off 
the depressing effect of a sudden reverse of arms. 

The precautions against hospital gangrene consist in afford- 
ing to each patient an ample space — 1600 cubic feet is the 
area allowed in the best-ordered European hospitals — with 
free ventilation and pure air ; cleauliness should be observed 
in the minutest particular; the latrines should be so con- 
structed — over running water, if practicable — and so remote, 
as to leave no chance of atmospheric contamination from that 
source. The general condition of the patient should claim 
attention ; if febrile action be present, mild antiphlogistic?, 
with purgatives and refrigerants, are indicated ; if irritation 
be manifested, it should be calmed by anodynes and seda- 
tives. Q'Ee wound should be carefully dressed as often as is 
necessary to meet the requirements of cleauliness, and, if con- 
venient, disinfectants, such as the chlorides of lime and soda, 
freely used. When the disease makes its appearance, nothing 
short of complete segregation of each, case, as it occurs with 
a liberal use of disinfectants, can glee a promise of security 
against its further spread. 

The cvictlre treatment is both general and local. As the 
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attendant fever is of a low grade, a generous diet, with a ju- 
dicious use of stimulants, will be required throughout the 
management of each ease. McLeod says he derived much 
advantage from the exhibition of muriated tincture of iron, 
in half-drachm doses, three times daily. To each dose of 
the iron, five grains of quinine may be added, with a reason- 
able prospeet of benefit. 

The local treatment may be summed up in a very few 
words. The strongest possible escharotic should be applied 
to the entire gangrenous surface The mineral acids, the ac- 
tual cautery — Fowler's solution of arsenic, and the chloride 
of zinc — have each their advocates, and, perhaps, advan- 
tages. JJut the practitioner of the present day can have no 
hesitation in giving the preference to chemically pure nitric 
acid, unless hemorrhage be present, when the actual cautery 
should be substituted. As its application is attended with 
much pain, chloroform should be previously administered. 
The acid is applied by means of a dossil of lint attached to a 
bit of whalebone or wood, and should be brought in direct 
contact with every portion of the diseased surface, so as to 
form an eschar equal to the dimensions of the sore. The use 
of the cautery should be followed by a full anodyne, which 
should be repeated, if the sufferings of the patient are great. 
When the eschar is thrown off, the ulcerated surfaces should 
be treated upon general principles, taking care to uphold the 
patient by nourishing food, and a liberal use of wine or 
brandy.* 

AFFECTIONS OF STUMPS. 

In considering the affections to which stumps arc liable, it 
will be necessary to bear in mind the several structures which 
cuter into their formation. These are skin, cellular tissue, 



* The oil of turpentine has recently been employed, both inter- 
nally and as a local application, in the treatment of ill-conditioned 
uloera and slongmng wounds; and it is claimed that the results of 
the experiments are such as to entitle it to further trial. 

The per-sulphate and the per-chloride of iron have each been 
recommended as escharotica in hospital gangrene, but their efficacy 
in this respect must be confirmed by the test of a wider experience 
before they can be pronounced worthy to supersede the mineral 

acids. _. 

2* 
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muscles, aponeuroses, tendons, nerves, arteries, veins, bouc, 
and medulla. Eaeh oceasionally has morbid changes im- 
pressed upon it during the healing process, which arc modi- 
fied and determined by the character and susceptibilities of 
the particular tissue involved. 

It is here proposed to discuss only such of these morbid 
conditions as are found marc frequently to present themselves 
as accidents in the history of stumps resulting from the casual- 
ties of the battle-field. Convenience of description has divided 
these accidents into primary and secondary; the primary em- 
bracing hemorrhage — venous and arterial — spasm, pain, me- 
dullitis, and necrosis ; whilst the secondary comprises osseous 
vegetations, neuralgia, and aneurismal enlargement of the 
arteries. 

When arterial hemorrhage takes place from the stump 
within a short period after the removal of a limb, it will 
generally be found to proceed from one of the smaller arteries 
which had been overlooked during the operation, or it may be 
that the ligature has been placed too low down, the vessel 
having been cut obliquely, as is necessarily the case when the 
flap amputation is performed. Should the bleeding occur 
still later, it may be found to arise from ulceration of the 
artery at the seat of ligature. Whatever be the cause, ligation 
of the bleeding vessel is the remedy, and, in order to effect 
this, the stump should be freely laid open when necessary. 

If the hemorrhage be venous, elevation of the limb, cold 
applications, and proper compression, will usually suffice to 
restrain it. Failing these, we are advised carefully to dissect 
the vein from the surrounding tissues, and to convey its ex- 
tremity through an aperture made therefor in one of the ad- 
jacent muscles. It is sought by this expedient to close the 
vessel through the constriction exerted upon it by the con- 
traction of the muscular fibres. When these expedients are 
unsuccessful, or impracticable, recourse must be had, without 
further loss of time, to the ligature. 

/Spasmodic tvitchlngs of the muscles of the stump with 
acute pain in it, are exceedingly common results of amputa- 
tions, and liable to be developed so soon as the patient has 
recovered from the shock of the operation. Occurring at this 
period, opium is our chief reliance and should be given freely 
though where the stump has been properly supported by a 
roller bandage spafem is of rare occunence. 
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Medullith or osteomyelitis — inflammation of the marrow of 
the bone — is very prone to happen when the bone has sustained 
;t violent shock, either in consequence of the injury, which calls 
for the operation, or during its soction by the surgeon. The 
occurrence of this event is known when, within a few days 
after amputation, the marrow of the bone, if seen, presents a 
(lark-greenish or brown color; is separated from the bone, and 
emits a most -offensive odor. For this condition little can be 
done, but to meet the constitutional indications in each par- 
ticular case, observing, at the same time, much care and clean- 
liness in dressing the stump. It has been suggested that 
nitrate of silver might prove serviceable if freely applied to 
the parts. 

Necrosis. — Necrosis is a serious and not unfrequent effect 
of amputations, and may be the result of ostitis or medullitis, 
or the bone may perish through lack of nutrition, in conse- 
quence of the stripping off of its membranous covering. This 
disease must be left to nature, in the hope that it may be 
arrested and the dead portions detached. Any attempt at 
their removal, before their separation has been thus effected, 
is liable to be seriously resented by the system. Amputation 
of the bone for necrosis has repeatedly resulted in the de- 
struction of the patient. 

Protrusion of the bone is a very untoward, though not un- 
common accident, after amputation of the limbs. It is some- 
times due to carelessness on the part of the operator in not 
leaving a sufficiency of flap to protect the bone ; at other 
times, as occasionally happens in amputations through the 
thigh, the most judiciously planned and skillfully performed 
operation will not suffice to guard against it. It is commonly 
due, when it presents itself as a primary affection, to retrac- 
tion of the muscles, and much may be done towards its pre- 
vention by the use of the roller bandage during the treat- 
ment. After this condition has once arisen, something may 
yet be done by *the application of long strips of adhesive 
plaster, supported by a roller applied from above, downwards, 
the stump being elevated and supported in such manner as 
to relax its muscles. Should these means fail, it has been 
advised to dissect out the bone from its attachments, and to 
saw off so much of it as is necessary to secure for it a proper 
covering. But as this procedure is attended with great risk 
to life, and is hardry less grave in its effects upon the system 
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than amputation itself, it should only be resorted to when all 
other means fail. 

Conical, or, as they arc sometimes called, sugar-lbaj 
stumps, may be classed among the secondary effects of ampu- 
tations. These are due to an insufficiency of soft parts to 
cover the extremity of the bone. This insufficiency, when it 
arises from retraction of the muscles, and does not depend 
upon any defect of the operation, is especially apt to occur in 
the thigh, when the soft parts have been attacked with in- 
flammation prior to the operation. In such cases, either the 
flaps fail to unite, and leave an intractable ulcer correspond- 
ing with the situation of the end of the bone, or, if union is 
effected, there results a delicate, irritable, and painful cica- 
trix, which will not sustain the weight of the body. 

This accident, like the primary affection just considered, 
protrusion of the bone, with which it is so nearly identified in 
■its origin and development, is more easily prevented than 
cured. Here, too, as in the former case, the tendency to such 
a result is sought to be counteracted by a judicious and pro- 
longed use of the roller bandage. When, however, this con- 
dition is established, the only remedy lies in the removal of a 
segment of the bone. 

Osseous vegetations, or stalactites, as they have been called, 
are sometimes encountered among the secondary affections of 
the stump; and after amputations of the fore-arm and leg, we 
often find the bones firmly united by a deposit of osseous ma- 
terial between them, or by the approximation of their divided 
extremities. In such cases, nervous filaments are liable to be 
pressed upon by the vegetations, or to become entangled in 
the bony arches or osseous deposits above alluded to, and thus 
to give rise to one form of neuralgia of the stump. But this 
is not the only mode iu which such growths give rise to incon- 
venience and suffering, for we presently find them assuming 
hygrometric functions, and announcing atmospheric vicissi- 
tudes with painful accuracy. 

To relieve this morbid condition, when it gives rise to the 
inconveniences just detailed, section of the diseased portions 
of the bone, and amputation of the limb at a higher point, 
have each been advised. But since neither of these expedients 
is free from hazard, recourse to them is not recommended un- 
less the grievance can no longer be borne. 

It will be remembered, that after amputation of a limb the 
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extremities of the truncated nerves undergo a bulbous ex- 
pansion, which, within certain limits, gives rise to no incon- 
venience. Developed beyond these limits (and they some- 
times attain the size of an English walnut), they constitute 
veritable neuromata, which, by their presence, and the pres- 
sure brought to bear upon them, create much suffering. 

We find, too, that a similar hypertrophy, with not less dis- 
tressing results, may arise from the looping together of the 
extremities of the divided nerves.. Another and frequent 
source of neuralgia in the stump is the involvement of some 
of the smaller nerve branches in the cicatrix. Pressure, in 
such cases, is productive of much pain, and an artificial limb 
cannot be borne till this condition of the parts be removed. 

But neuralgia may present itself in yet another form, and 
as a local manifestation of a constitutional vice. The cases 
now referred to are met with among those of irritable fibre, 
and of what is termed " nervous " habit. Here the sensi- 
bility of all the nerves of the stump is exalted, and, together 
with hyperesthesia, we have acute pain and spasmodic twitch- 
ing of its muscles. 

Ihe two conditions first described are sometimes amenable 
to excision of the nervous bulbs, or resection of the limb. 
The last form yields only to constitutional remedies which 
tend to build up the powers of the system, Of these, the 
chalybeates, with quinine, are most to be depended upon. As 
local applications, lead plasters and anodyne liniments have 
been advised, and may sometimes prove beneficial. The stump 
should be orotccted from sudden changes of temperature by 
wrapping it in flannel or furs. 



CHAPTER II. 
GUN-SHOT WOUNDS. 

[Thi3 essay is principally a condensation from a recent contribu- 
tion by Professor Thomas Longmore to Holmes's System of Sur- 
gery. It is so admirable in itself, that it has been accepted with 
but very slight additions or alterations.] 

Gun- Shot Wounds. — Wounds by fire-arms are, properly 
speaking, but wounds by contusion. 

They have been distinguished from ordinary contusions 
and contused wounds by reason of the causes which produce 
them, the particular appearance that they present, the local 
and general phenomena that they give rise to, tke special 
complications that affect them, the indications that they point 
out, the ulterior results which flow from them, and, finally, 
the conditions under which they are habitually observed. 

Character of Gun-Shot Wounds. — When a cannon-ball at 
full speed strikes in direct line a part of the body, it carries 
away all before it. If the head, chest or abdomen are ex- 
posed to the shot, an opening corresponding with the size of 
the ball is effected, the contiguous viscera are scattered, and 
life is at once extinguished. If it be part of one of the ex- 
tremities which is thus removed, the end remaining attached 
to the body presents a stump with nearly a level surface 
of darkly-contused, almost pulpified, tissues. The skin and 
muscles do not retract, as they would had they been divided 
by incision. Minute particles of bone will be found among 
the soft tissues on one side, but the portion of the shaft of 
the bone remaining in situ is probably entire. 

In ricochet-firing, or in any case where the force of the 
cannon-shot is partly expended, the extremity, or portion of 
the trunk, may be equally carried away, but the laceration of 
the remaining parts of the body will be greater. The surface 
of the wound will be less even. Muscles will be separated 
from each other and hang loosely, offering at their divided 
ends little appearance of vitality ; spiculae of larger size will 
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probably be found among them, arid the shaft may be found 
shattered and t^plit far above the line of its transverse division. 
The injury to nerves and vessels may be proportionately higher 
and greater. 

If the .speed be still further diminished, so that the pro- 
jectile becomes what is termed a "spent ball," there will not 
be a removal of the parts of the body struck, bnt the external 
appearances will be limited usually to ecchymosis and tutui- 
f action, without division of surface ; or even these may be 
wanting, notwithstanding the existence of serious internal 
disorganization. 

Should the cannon-ball strike in a slanting direction, the 
external appearances of the wound will be similar to those 
just described, according to its velocity; modified only in ex- 
tent by the degree of obliquity with which the shot is carried 
iuto contact with the trunk or extremity wounded. 

Large fragments of heavy shell generally produce immense 
laceration and scparatiou of the parts against which they 
strike, but do not carry away or grind as round shot. Ordi- 
narily, the line of direction in which they move forms an 
obtuse angle with the part of the body wounded. When they 
happen to strike in a more direct line, so as to penetrate, the 
external wound is mostly much smaller than the fragment 
itself, from the projectile not having had force enough to 
destroy the vitality and elasticity of the soft parts through 
which it enters. 

Small projectiles, with force cuough to penetrate the body, 
leave one or more openings; the external appearances of which 
also vary according to their form and velocity. The appear- 
ance of a wound from a rifle-ball, at its highest rate of speed, 
may be sometimes witnessed in cases of suicide. The muzzle 
is usually applied beneath the chin. In such a case, a circu- 
lar hole, without any puckering or inversion of the marginal 
skin, together with dark discoloration of the integument for 
several inches round, is observed at the wound of entrance. 

When the musket-ball strikes at a distance from the weapon 
by which it was propelled, but still preserves great velocity, 
the appearances of the wound are changed. An opening is- 
observed, irregularly circular, with edges generally a little 
torn, and the whole wound is slightly inverted. There may 
be darkening of the margin of a livid-purple tinge, from the 
effects of contusion, or it may be simply dead-like and pale. 
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Should the ball have passed out, the wound of exit will be 
probably larger, more torn, with slight eversion of its edges 
and protrusion of the subcutaneous fat, which is thus rendered 
visible. These appearances are the more easily recognised, 
the earlier the wound is examined. They are more obvious 
if a round musket-ball has caused the injury than when it has 
been inflicted by a cylindro-conoidal ball. Indeed, with the 
latter, when it has simply passed through the soft tissues of 
an extremity of the body at full speed, it is usually very diffi- 
cult to distinguish by its appearance the wound of entrance 
from that of exit. 

A musket-ball ordinarily causes either one wound, as when, 
after entering, it lodges, or, as sometimes happens, from its 
escaping again by the wound of entrance ; or two wounds, 
from making its exit at some point remote from the spot where 
it entered; but occasionally leads to a greater number of open- 
ings. This last result may happen from the ball splitting into 
two or more portions within the body, and causing so many 
wounds of exit. 

The number of wounds made by one ball may be increased 
by its traversing two adjoining extremities of the same per- 
son, or some distant parts of the body from accidental relative 
position at the time of the injury. 

The two openings made by one ball may hold such a rela- 
tive situation as to lead to the mistake of their being supposed 
to be caused by two distinct balls. Length of traverse, and 
consequent distance between the two openings, parts of the 
body brought into unusual relations from peculiarities of pos- 
ture and peculiar deflections of the ball, may be sources of 
this error. 

The appearances of wounds resulting from penetrating mis-' 
siles of irregular form, as small pieces of shells, muskct-balls 
flattened against stones, and others, differ from those caused 
by ordinary bullets, in being accompanied with more lace- 
ration, according to their length and form. Being usually 
projected with considerably less force than direct missiles, 
such projectiles ordinarily lead only to one aperture, that of 
entrance. 

Symptoms of Gun- Shot Wounds : Pain. — A gun-shot 
wound by a musket-ball is attended with an amount of pain 
which varies very much in degree, according to the kind of 
wound, condition of mind, and state of constitution of the 
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soldier at the time of its infliction. It will sometimes happen 
in simple flesh wounds, that patients will tell the surgeon they 
were not aware when they were struck. Sometimes the pain 
from the shot is described as a sudden smart stroke of a cane; 
in other instances, as the shock of a heavy, intense blow. Occa- 
sionally the pain will be referred to a part not involved in the 
track of the wound. Immediately after the transit of a ball, 
the sensibility of the track and parts adjoining is found to be 
partially numbed, so that examination is borne more readily 
tor a short time after the accident than at any later period. 
Of course, after re-action sets in, or when inflammation has 
been established, the pain of the wound is proportionably in- 
creased. When a ball does not penetrate, but simply inflicts 
a contusion, the pain is described to be more severe than where 
au opening has been made by it. 

ISfiock. — When a bone is shattered, a cavity penetrated, an 
important viscus wounded, a limb carried away by a round- 
shot, pain is not so prominent a symptom as the general per- 
turbation and alarm which supervene on the injury. This is 
generally described as the "shock" of a gun-shot wound. 
The patient trembles and totters, is pale, complains of being 
faint, perhaps vomits. His features express anxioty and 
distress. This emotion is in great measure instinctive ; it is 
sympathy of the whole frame with a part subjected to serious 
injury, expressed through the nervous system. 

As a general rule, the greater the injury,, the greater and 
more persistent is the amount of shock. A rifle-bullet, which 
splits up a long bone into many longitudinal fragments, in- 
flicts a very much more serious injury than the ordinary frac- 
ture effected by the ball from a smooth-bore musket, and the 
constitutional shock bears like proportion. When a portion of 
one or both lower extremities is carried away by a cannon- 
ball, the higher towards the trunk the injury is inflicted, the 
greater the shock, independent of the loss of blood. The 
practical experience of every army surgeon teaches him, that 
where a ball has eutered the body, though its course is not 
otherwise indicated, the continuance of shock is a sufficient 
evidence that some organ esseutial to life has been implicated 
in the injury. 

Primary Hemorrhage. — Primary hemorrhage of a serious 
nature from gun-shot wounds does not often come within the 
sphere of the surgeon's observations. If hemorrhage occur 
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i'rom one of the main arteries, it probably proves rapidly fatal. 
When a part of the body is carried away by round-shot or 
shell, the arteries are observed to be nearly in the same state 
as they are found to be in when a limb is torn off by ma- 
chinery. The lacerated ends of the middle and inner coats 
are retracted within the outer cellular coat; the calibre of 
the vessel is diminished, and tapers to a point near the line 
of division ; it becomes plugged within by coagulum ; and 
the cellulo-fibrous investing sheath, and the clot which com- 
bines with it, form on the outside an additional support and 
restraint against hemorrhage. When large arteries are torn 
across, and their hemorrhage thus spontaneously prevented, 
they are seldom withdrawn so far but that their ends may be 
seen protruding and pulsating among the mass of injured 
structures j yet, though the impulse- may appear very power- 
ful, further hemorrhage is rarely met with from such wounds. 
There is more danger of coutinued hemorrhage from wounds 
by pieces of shell, as the arteries are liable to be wounded 
without complete transverse section of their coats. Primary 
but indirect hemorrhage, in consequence of a gun-shot injury, 
usually occurs as a complication of fractured long bones, the 
sharp points and edges of which, extensively torn up as they 
now are by conical bullets, are well calculated to cause such 
injuries. 

General Treatment. — When the circumstances of a battle 
admit of the arrangement, the wounded should receive sur- 
gical attention preliminary to their being transported to the 
regimental or general field hospital in the rear. The provis- 
ional treatment should be of the simplest kind, and chiefly di- 
rected to the prevention of additional injury during the 
passage to the hospital, where complete and accurate exami- 
nation of the nature of the wound can alone be made, and 
where the patient can remain at rest, after beiug subjected to 
the required treatment. The removal of any missiles or 
foreign bodies which may be readily obvious; the application 
of a piece of lint to the wound; the arrangement of any 
available suppoit for a broken limb; protection against dust, 
cold, or other objectionable circumstances likely to occur in 
the transit; if shock exist, the administration of a little 
wine, aromatic ammonia, or other restorative, in water — need 
little time in their execution, and may prove of great service 
to the patient. If hemorrhage exist, from injury to a lar^e 
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rcssel, it must, ot course, receive the surgeon's first and most 
:arncst care. He should not trust to a tourniquet, but secure 
t at once by ligature. 

On arrival at the hospital, the 'following are the points to 
)C attended to by the surgeon : firstly, examination of the 
vound, with a view to obtaining a correct knowledge of its 
lature and extent ; secondly, removal of any foreign bodies 
.vhich may have lodged; thirdly, adjustment of lacerated 
structures; and fourthly, the application of the primary 
iressings 

The diagnosis should be established as early as possible 
ifter arrival at hospital. ' An examination can then be made 
with more ease to the patient, and more satisfactorily to the 
surgeon; than at a later period. 

One of the earliest rules for examining a gun-shot wound 
is to place the patient, as nearly as can be ascertained, in a 
position similar to that in which he was in relation to the mis- 
sile, at the time of being struck by it. In almost every in- 
stance, the examination will be facilitated by attention to 
this precept. 

"When only one opening has been made by a ball, it is to 
be presumed that it is lodged somewhere in the wound, and 
search must be made for it accordingly. But even when two 
openings exist, and evidence is afforded that these are the 
apertures of entrance and exit of one projectile, examination 
should still be made to detect the presence of foreign bodies. 
Portions of clothing, and other harder substances, are not un- 
frcqucntly carried into a wound by a ball ; and, though it, 
itself, may pass out, these may remain behind, either from 
being diverted from the straight line of the lvound, or from 
becoming caught aud impacted in the fibrous tissue through 
which the ball has passed. The inspection of the garments 
worn over the part wounded may often serte as a guide in 
determining whether foreign bodies have entered or not, and, 
if so, their kind, and thus save time and trouble in the ex- 
amination of the wound itself. 

Of all instruments for conducting an examination of a 
gun-shot wound, the finger of the surgeon is the most appro- 
priate. By its means the direction of the wound can be as- 
certained with least disturbance of the several structures 
through which it takes its course. The index finger natu- 
rally occurs as the most convenient for this employment ; but 
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the opening through the skin is sometimes too contracted to 
admit its entrance, and in this case the substitution of the 
little finger will usually answer all the purposes intended. 
When the finger fails to reach sufficiently far, owing to the 
depth of the wound, the examination is often facilitated by 
pressing the soft parts from an opposite direction towards the 
finger end. 

It was formerly the custom to enlarge the external orifice 
of all gun-shot wounds by incision; and not merely the open- 
ing, but the walls of the wound itself, as soon after the injury 
as possible. This was not done as a means of rendering the 
examination easier, but as a prophylactic measure. Dilita- 
tion was also employed, by tents and various other means, 
with a view to secure the escape of sloughs and discharges. 
English surgeons have, however, generally discarded the 
practice, excepting only in cases where it is required to allow 
of the extraction of some extraneous body ; to secure a 
wounded artery; to replace parts in their natural situation, as 
in protrusion of viscera in wounds of the abdomen ; or, in 
short, when anything can be done to the part wounded, after 
the opening is made, for the present relief of the patient, or 
the future good arising from it. 

It does not happen that it is necessary to enlarge the open- 
ings of wounds to remove balls, although a certain amount of 
constriction of the skin may be expected from the addition of 
the instrument employed in the extraction ; but if much re- 
sistance is offered to their passage out, it is better to divide 
the edges of the fascia and skin to the amount of enlarge- 
ment required, than to use force. In removing fragments of 
shells or detached pieces of bone, the fascia and skin have 
almost invariably to be divided to considerable extent. 

When the finger is not sufficiently long to reach the bot- 
tom of the wound, even when the soft parts have been ap- 
proximated by pressure from an opposite direction, and when 
the lodgment of a projectile is suspected, a long silver probe, 
that admits of being bent by the hand, if required, is the 
best substitute. Elastic bougies or catheters are apt to be- 
come curled among the soft parts, and do not convey to the 
sense of touch the same amount of information as metallic 
instruments do. The probe should be employed with "reat 
nicety and ease, for it may inflict injury on vessels or other 
structures which have escaped from direct contact with the 
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ball, but have returned, by their elasticity, to the situation 
Horn which they had bceu pushed or drawn aside during its 
passage. The above directions for examining wounds apply 
more particularly to such as penetrate the extremities, or 
extend superficially in other parts of the body. When a mis- 
sile has entered any of the important cavities, search for it is 
not to be made, but the surgeon's attention is to be directed 
to matters of more vital importance, to be hereafter noticed. 

Removal of Foreign Bodies.^-Aa soon as the presence of 
a ball or other foreign body is ascertained, it should be re- 
moved. _ ]f it be lying within reach from the wound of en- 
trance, it should be extracted through this opening by means 
of the various instruments advised for this purpose. Instru- 
ments of two blades, or scoops, with ordinary hinge action, 
dilate the track of the wound injuriously before the ball can 
be grasped by them. The way to the removal of a bullet 
may often be smoothed by judiciously clearing away the fibres, 
among which it is lodged, during the examination by the 
finger; and sometimes, by means of the finger in the wound, 
and external pressure of the surrounding parts, the projectile 
may be brought near to the aperture of entrance, so that its 
extraction is still further facilitated. 

Such foreign substances, as pieces of cloth, can usually be 
brought out by the finger alone, or by pressing them between 
the finger and a silver probe, inserted for the purpose. Some- 
times a long pair of dressing forceps, guided by the finger, is 
found necessary for effeejjng this object. Caution must be 
used in employing forceps, when the foreign substance is out 
of sight, and of such a quality that the soft tissues may be 
mistaken for it. 

In some instances, when the foreign body has not com- 
pletely penetrated, but is found lying beneath the skin, away 
from the wound of entrance, au incision must be made for its 
extraction. Before using the knife, the substance to be re- 
moved should be fixed in situ, by pressure on the surrounding 
parts. In the instance of a round ball, the incision should 
be carried beyond the length of its diameter-; au addition of 
half a diameter is usually sufficient to admit of the easy ex- 
traction of the ball. In removing conical balls, slugs, frag- 
ments of shells, stones, and other irregularly shaped bodies, 
the surgeon cannot be too guarded in arranging that the 
fragment is drawn away with its long axis in line with the 
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track of the wound. By proper care in this respect, much 
injury to adjoining structures may be avoided. 

If balls are impacted in bone, as happens in the spongy 
heads of bones, in bones of the pelvis, and occasionally, though 
rarely, in other parts of long bones, they should be removed. 
This can be effected by means of a steel elevator, of conve- 
nient size ; or, should this fail, from the ball being too firmly 
impacted, a thin layer of the bone, on one side of the ball, 
may be gouged away, so that a little purchase may be obtained 
for the elevator, in effecting its removal. The fact is now 
fully established, that, although in a few isolated cases, balls 
remain lodged in bones without sensible inconvenience, in the 
majority the lodgment leads to such disease of the bony 
structures as often to entail troublesome abscesses, and, in 
some instances, eventually to necessitate amputation. The 
lodgment of balls will not often occur, without extensive frac- 
ture in warfare, where rifled arms of such force as the Miunie 
and Enfield are the chief weapon* employed. 

Should there be reason for concluding that a ball or other 
foreign body has lodged, but after manual examination and 
observation, as well by varied posture of the part of the body 
supposed to be implicated, as by indications derived from the 
patient's sensations, effects of pressure or injury to nerve?, 
and all other circumstances which may lead to information, 
should the site of the lodgment not be ascertained, the search 
should not be persevered in to the distress of the patient. 
Neither, although the site of lodgment be ascertained, if ex- 
tensive incisions are required, or if there is danger of wound- 
ing important organs, should the attempts at extraction be 
continued. Either during the process of suppuration, by 
some accidental muscular contraction, or by gradual approach 
towards the surface, its escape may be eventually effected; 
or, if of a favorable form, and if not in contact with nerve, 
bone, or other important organ, it may become encysted and 
remain without causing pain or mischief. Extensive expe- 
rience has shown that not only is the risk of subsequent ill 
results greater in those cases where foreign bodies remain 
lodged than where they have been cut out ; but also that the 
advantages of a second opening for the escape of the neces- 
sary sloughs and discharges greatly preponderate over the 
disadvantages connected with it, as regards the additional 
extent of injured surface. 
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Local Treatment. — When a gun-shot wound has been ac- 
companied with much laceration and disturbance of the parts 
involved in the injury, it is necessary, after the removal of 
all foreign substances that can be detected, to re-adjust and 
secure the disjoined structures as nearly as possible in their 
normal relations to each other. The simplest means — strips 
of adhesive plaster, light pledgets of moist lint, a linen roller, 
favorable position of the limb or part of the body wounded — 
should be adopted for this purpose. Pressure, weight and 
warmth should be avoided as much as possible in these appli- 
cations, consistent with the end in view. It must not be for- 
gotten, in thus bringing the parts together, that the purpose 
is not to obtain union by adhesion, which can not be looked 
for, but simply to prevent avoidable irritation and malposition 
of parts, during the subsequent stages of cure by granulation 
and cicatrization. In all gun-shot wounds much discomfort 
to the patient is prevented by carefully sponging all blood 
and clot from the surface adjoining the wound, and by adopt- 
ing measures to prevent its spreading again in consequence 
of oozing. This cau be readily done witli the aid of a little 
warm water and arrangement when the wound is first dressed, 
but can only be accomplished with considerable inconvenience 
after the thin clots have become hard and firmly adherent to 
the skin. 

When the parts of a lacerated gun-shot wound have been 
brought into apposition, as in simple, penetrating wounds, the 
only dressing necessary is moistened lint. It should be kept 
moist either by the renewed application of water dropped upon 
it, or by preventing evaporation by covering it with oiled silk. 
The sensations of the patient maybe consulted in the selection 
of either of these; and climate and temperature will be often 
found to determine the choice. M. Boudeus and Dr. Stemeyer 
have strongly recommended the topical application of ice 
]. laced in bladders; others, the continued irrigation of the 
wound with tepid water. When much local inflammation has 
set in, and when there is much constitutional fever even with- 
out unusual local irritation, the non-evaporating or warm ap- 
plications will be found to be the most advantageous. 

When suppurative action has been fully established, the 
surgeon must be guided by the general rules applicable to all 
other such cases. Care must be taken to prevent the accu- 
mulation of pus. lest it burrow, and sinuses become estab- 
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lislied ; not an unfrequent result of want of sufficient caution 
in this regard. If much tumefaction of muscular tissues be- 
neath fascia occurs, or abscesses form in them, free incisions 
should be at once made for their relief. In wounds where 
the communication between the apertures of entrance and exit 
is tolerably direct, occasional syringing with tepid water may 
be useful, by removing discharges and fibres of cloth "Which 
may be lying in the course of the wound. Weak astringent 
solutions are occasionally employed in a similar way, with a 
view to improving the tone of the exhalants and exciting a 
more vigorous action in the process of granulation. 

The strictest attention to cleanliness and the complete re- 
moval of all foul dressings are essentially necessary, not mere- 
ly for the comfort of the patient, but to prevent the accumu- 
lation of noxious effluvia, and also to obviate the access of 
flies to the wounds. Cloths dipped in weak solutions of 
creasote or disinfecting fluid, laid over the wound, are found 
necessary for this purpose when the insects abound in great 
* numbers.* 

Constitutional Treatment. — The constitutional treatment in 
an ordinary gun-shot wound, uncomplicated with injury of 
bone or structures of first importance, should be very simple. 
The avoidance of all irregularity in habits tending to excite 
febrile symptoms or to aggravate local inflammation, attention 
to the due performance of the excretory functions, and sup- 
port of the general strength, are chiefly to be considered. 
Bleeding, with a view to prevent the access of inflammation 
in such cases, is now never practised. The diet should be 
nutritious, but not stimulating. A pure fresh atmosphere is 
a very important ingredient in the means of recovery. If 
from previous habits of the patient, or from circumstances 
to which he is unavoidably exposed, the local inflammation 
has become aggravated — indicated by pain, increased swelling, 
and redness about the wound — topical depletion, by leeches 
or cupping, bleeding from the arm, saline and antiinonial 
medicines, and strict l'est in the recumbent position, must be 
had recourse to, the extent being regulated by the cirouni- 
stances of each case. In instances such as these, when the 
inflammation has become diffused, the purulent secretion is 

* Inf. sambuci has been recently highly recommended, also to 
paint the ulceration over with a-thin layer of honey. 

/ 
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not confined to the track of <*te wound, but is liable to extend 
among the areolar connexions of the muscles; and if the cure 
be protracted, attention will be necessary to prevent the for- 
mation of sinuses. If stiffness or contractions result, attempts 
must be made to counteract them by passive motion and fric- 
tion, with appropriate linaments; if a tendency to oedema and 
debility remain in a limb after the wound is healed, the cold 
water douche will be found to be one of the most efficient top- 
ical remedies. In French practice, the administration of 
perchloride of iron as a tonic, or diluted, as an injection, in 
wounds threatening to assume an unhealthy character, is very 
highly praised. It is stated, that under the conjoined em- 
ployment of this remedy internally and externally, in wounds 
of a pallid, unhealthy aspect, accompanied by nervous irrita- 
bility and symptoms of approaching pyaemia, the granulations 
have assumed a red and healthy appearance, and the general 
state of health become rapidly favorable. 

Gun-Shot Wounds in Special Regions of the Body. 

Gun-shot Wounds of the Head. — No injuries met with in 
war require more earnest observation and caution in their 
treatment than wounds of the head. The vital importance 
of the brain ; the varied symptoms which accompany the in- 
juries to which this organ may be subjected, directly or indi- 
rectly ; the difficulty in tracing out their exact, causes ; the 
many complications which may arise in consequence of them ; 
the sudden changes in condition which not unfrequently occur 
without any previous warning ; all these circumstances will 
keep a prudent surgeon, who has charge of such wounds, con- 
tinually on the alert. Injuries of this class, the most slight 
in appearance at their onset, not unfrequently prove most 
grave as they proceed, from encephalitis and its consequences, 
or from plugging of the sinuses by coagula, leading to coma, 
paralysis or pyaemia ; and the converse sometimes holds good 
with injuries presenting at first the most threatening aspects, 
where care is taken to avert these serious results. Mr. 
Guthrie has laid down as a rule that injuries of the head, of 
apparently equal extent, are more dangerous on the forehead 
than on the side or middle TKy^ran^^qd^ L stjll more so than 
those on the back part ; and^hW a fracture oC A t\re vertex is 
infinitely less important ilum one at the base of the cranium. 
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When the injuries are caused by rifle halls, however, these 
considerations are rarely of much avail, for the power of injury 
is such that it can scarcely ever he confined to the immediate 
neighborhood of the part directly struck. 

Wounds of the Scalp and Pericranium— These wounds 
are usually inflicted by projectiles which are brought into 
contact at a very acute angle, so that little direct injury to 
the brain or its membranes is inflicted, and the surgeon's at- 
tention need only be directed to the same considerations as 
must occur in any contused wounds of the scalp from other 
causes than gun-shot. But, even in these accidents, though 
appearing to be simple flesh wounds, serious cerebral concus- 
sion and other lesions are occasionally met with. The usual 
stupor and other signs of concussion may be very evanescent, 
or may last for several -days, disappearing gradually and 
wholly, or entailing subsequent evils at more or less remote 
periods. It mu' t not be forgotten that when the pericranium 
is removed by a musket ball, however superficial the injury 
may seem, there is always a certain degree of injury and 
bruising to the bone from .which it is. torn, and necessary 
laceration of the vessels which inosculate with the nutritive 
capillaries of the diploe, and through them of the vessels of 
the meninges with which they are connected. The injury to 
this vascular system almost invariably leads to necrosis of the 
portion of the skull from which the coverings are carried 
away; and, sometimes, even when the pericranium is not torn 
off, sufficient injury is inflicted to lead to a like result. The 
death of the bone is generally limited to a thin layer of the 
outer table, which in due time exfoliates. The injury to the 
vessels ramifying between the inner* surface of the cranium 
and dura mater, may lead to serious results. There may be 
rupture of a sinus, leading to compression, or fatal results 
may ensue from iuflammation and suppuration. 

Treatracnl. — The treatment of an ordinary gun-shot wound 
of the scalp should be very simple. Cleansing the surface of 
the wound, removing the hair from its neighborhood for the 
easier application of dressings, lint moistened with clean water, 
very spare diet, and careful regulation of the excretions, are 
the only requirements in most cases. The patient must be 
closely watched, so that measures max be taken ' to coun- 
teract inflammatory symtoms in their earliest stages. Even 
after one of these wounds* has tealed. and the patient to all 
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appearance, has quite recovered, it is necessary to enjoin con- 
tinued abstinence from excesses of all kinds. Instances are 
frequently quoted where intoxication, a long time after the 
date of injury, has induced symptoms of apoplexy and death. 

Wounds Complicated with 'Fracture, but without Depression 
on the Cerebrum. — In those injuries there maybe a simple 
furrowing of the outer table, without injury to the inner j or 
there may be fissure extending to a greater or less degree of 
length, or radiating in several lines ; or both tables may be 
comminuted in the line the ball has traversed in such small 
portions, that they lie loose on the dura mater, without much 
alteration in the general outline of the cranial curve. The 
chief and only means, in many cases, of concluding that no de- 
pression upon the cerebrum has taken place, is the absence of 
the usual symptoms of compression j for it is well known that 
simple observation of the injury to the outer table, whether 
by sight or touch, will, by no means, necessarily lead to a 
knowledge of the amount of injury, or change of position, in 
the inner table. 

When simple removal of a portion of the outer surface of 
the skull has been caused by the passage of the ball or other 
missile, the wound will sometimes heal, under judicious 
treatment, without any untoward symptom. A layer of the 
exposed surface of bone will probably exfoliate, and the 
wound granulate and become closed without further trouble. 
But such injuries, for reasons before named, are very likely 
to be followed by inflammation, and not improbably by ab- 
scess, between the internal table and dura mater; and fur- 
ther, as a consequence of the vascular supply being stopped, 
and perhaps also partly from the effect of the original contu- 
sion, by necrosis of the inner table itself. Care must be 
taken not to mistake one of these injuries for a depressed 
fracture, as it is not unlikely to happen when the excavation 
effected by the projectile is rather deep, and the edges of the 
bone bordering the excavation are sharp. 

Fissured fractures, when the fissure extends through the 
skull, usually result from injuries by shell. The passage of a 
ball may fracture and very slightly depress a portion of the 
outer table of the cranium, and then the line of fracture will 
very closely simulate fissured fracture, extending through 
both tables, and the diagnosis between them be excessively 
doubtful. When fissured fracture exists, the distance to 
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which it may be prolonged is often quite unindicated by 
symptoms, and its extent is very uncertain. Fissures often 
extend to long distances. They may occur at a part remote 
from the spot directly injured. Fissured fracture of the 
inner table may also occur from the action of a ball, without 
external evidence of the fracture. The cases where commi- 
nution has resulted from the track of a ball across the skull, 
generally present less unfavorable results than those where a 
single fissured fracture, extending through both tables, exists. 
The small, loose fragments can be removed, and if the dura 
mater be intact, the case, with proper care to prevent inflam- 
matory action, may not improbably be attended with a favo- 
rable recovery. t < 

Wounds Complicated icith Fracture and Dejyressxon on 
the Cerebrum. — Such wounds are most serious, and the prog- 
nosis must be very unfavorable. They must not be judged of 
by comparison with cases of fracture, with depression, caused 
by such injuries as are usually met with in civil practice. 
The severe concussion of the whole osseous sphere by the 
stroke of the projectile, the bruising and injury to the bony 
texture immediately surrounding the spot against which it 
has directly impinged, as well as the contusion of the exter- 
nal soft parts, so that the wound cannot close by the adhe- 
sive process, constitute very important differences between 
gun-shot injuries, on the one side, and others caused by in- 
struments impelled by muscular force on the other. So, 
also, the injury ,to the brain within, and its investments, is 
proportionally greater in such injuries from gun-shot. The 
experience of the Crimean campaign shows, that when these 
injuries occurred in a severe form, they invariably proved 
fatal. 

With Penetration of the Cerebrum. — It is obvious that 
when a projectile has power not only to fracture, but also to 
penetrate the cranium, it will rarely be arrested in -its pro- 
gress near the wound of entrance. Either splinters of bone, 
or the ball, or a portion of it, will be carried through the 
membranes into the cerebral mass. Sometimes a ball, if not 
making its exit by a second opening in the cranium, will 
lodge at the point of the cerebral substance opposite to that 
of its place of entrance ; but the course a projectile may fol- 
low within the cranium is very uncertain. 

Treatment. — Formerly, a gun-shot wound of the head was 
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supposed to be in itself a sufficient indication for the use of the 
trephine. Modern surgeons, however, generally have made 
use of the trephine only when there was reason for concluding 
that depressed bone was leading to permanent interruption of 
cerebral function, or that an abscess had formed within reach, 
and was capable of evacuation. Preventive trephining has 
been proved to be useless, as well as dangerous, and is no 
longer an admissible operation. The tendency of the most 
recent experience has been to limit the practice of trephining 
to the narrowest sphere, and when the great difficulty of 
making accurate diagnosis in these cases considered — whe- 
ther as to the distinguishing signs of compression ; the pre- 
cise seat of the cause, if the compression exist; the space 
over which the cause, when ascertained, may extend ; its per- 
sistent or temporary character; its complications; and certain 
clangers connected with the operation itself— no wonder need 
be excited that this tendency should exist. Besides, the nu- 
merous cases which have been noted where bone has evidently 
been depressed, but the brain has accommodated itself to the 
pressure without serious disability being caused, or when com- 
pression from effusion has been removed by absorption, under 
proper constitutional treatment, are farther causes of hesita- 
tion in respect to trephining. Where irregular edges, points 
or pieces of bone, are forced down and penetrate — not merely 
pressing upon — the cerebral substance, or when abscess mani- 
festly exist in any known site, or a foreign substance has 
lodged near the surface, and relief cannot be afforded by the 
wound, trephining may be resorted to for the purpose ; but 
the application of the operation, even in these cases, will be 
very much limited, if certainty of diagnosis be insisted upon. 
In all other cases, it seems now generally admitted, that much 
harm will be avoided, and benefit more probably effected, by 
employing long-continued constitutional treatment, viz : all 
the means necessary for controlling or preventing the diffusion 
of inflammation over the surface of the brain and its mem- 
branes — the most careful regimen, very spare diet, strict rest, 
calomel and antimonials, occasional purgatives, cold applica- 
tions locally, so applied as to exclude the air from the wound, 
and free depletion by venesection, in case of inflammatory 
symptoms arising. Similar remarks will apply in case of 
lodgment of a projectile within the brain. If the site of its 
lodgment is obvious, it should be removed with as little dia- 
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turbauee as possible ; but trephining for its extraction on sim- 
ple inference is unwarrantable. 

Gun-shot Wounds of the Spine.— Gun-shot wounds of the 
spine are closely associated with similar injuries of the head. 
In both, classes corresponding considerations must be enter- 
tained by the surgeon in reference to the important nerve- 
structures, with their membranes, which are likely to be in- 
volved in the injury to their osseous envelope ; in both, the 
effects of concussion, compression, laceration of substance, or 
subsequent inflammatory action, chiefly attract attention. 

In injuries of the vertebral column and spinal cord occurin3 
in military practice, the mischief is usually so complicated 
and extensive, and the medulla itself so bruised, that the 
cases must be very rare indeed in which the operation of tre- 
phining, if justifiable in any case, can offer the slightest pros- 
pect of benefit. 

Gun-shot Wounds of the Face. — Wounds of the face from 
gunshot, grape, and small fragments of shell are usually more 
distressing from the deformity they occasion than dangerous . 
to life. The absence of vital organs, the natural divisions 
among the bones, and their comparatively soft structure ren- 
dering them less liable to extensive splitting; the copious 
vascular reticulation and supply rendering necrosis so much 
less likely, and. repair so much easier than in other bones; 
the limited amount of space occupied by the osseous struc- 
ture between their respective periosteal investments, and the 
opportunities from the number of cavities and passages con- 
nected with this region for the escape of discharges — lead to 
this result. On the other hand, the vascularity of this region 
leads to danger both of primary, and especial secondary, 
hemorrhage — a circumstance which in all deep wounds of this 
region must be looked for as a not improbable complication. 
The other complications of these gun-shot wounds are lesions 
of the organs of special sense, injury to the base of the skull, 
paralysis from injury to nerves. Wounds of glands, their 
ducts, and of the lachrymal apparatus. 

Treatment. — In the treatment of gun-shot wounds of the 
face where the bones are splintered and torn, the surgeon 
should always retain and replace as many of the broken por- 
tions as possible. It is often surprising how small connexions 
with neighboring soft parts will suffice to maintain vitality 
and lead to restored union in this region In case a ball has 
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to be removed, when practicable, it should always be extracted 
through the mouth. Great care should be used, both by po- 
sition and attention to dressing, to prevent .the swallowing of 
the secretions from wounds of these parts, as it may lead to 
great constitutional irritation, and fever of a low typhoid and 
fatal character. Should secondary hemorrhage supervene 
from the deep branches in this region, it will be necessary to 
ligate the main trunk, the local method of ligation not being 
applicable from the difficulty experienced iu reaching the 
vessels. 

Gun-sliot Wounds of the Chest. — Gun-shot wounds of the 
chest may conveniently be divided into two classes, viz : non- 
penetrating and penetrating. 

Non-penetrating wounds become subdivided into simple 
contused wounds of the soft parietics; contused and lacerated 
wounds ; the same accompanied with injury to bones or carti- 
lage ; and lastly, those complicated with lesion of some of the 
contents of the chest, the pleura remaining unopened, or, if 
opened, without a superficial wound. 

Penetrating wounds may exist without wound, or with 
wounds of one or more of the viscera of this cavity. Among 
the more serious complications with which the latter may be 
accompanied is the lodgment of the projectile or other foreign 
bodies, as of fragments of bone, within the chest. As wounds 
of the heart and great vessels are almost invariably at once 
fatal, and as the organs of respiration occupy the greater part 
of the cavity of this region, it is in reference to the latter 
that the treatment of chest wounds is chiefly concerned. 

Non-pent tratwg Wounds. — Of the simpler wounds, in which 
the soft parieties only are involved, little need be observed, 
excepting that the healing process is often prolonged by the 
natural movements of the ribs to which the wounded struc- 
tures are attached, especially when the ball has taken a cir- 
cuitous course beneath the skin, and that the surgeon must 
be on his guard to watch for pleuritis arising as an occasional 
consequence of these injuries. When the force has been 
great, as when fragments of shell or rifle balls strike at full 
speed against a man's breast-plate, not only may troublesome 
superficial abscesses and sinuses follow, but the lungs may 
have been compressed and ecchymosed at the time of the 
injury, and hemoptysis be one of the symptoms presented. 

When the projectile has been of large size, although no 
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opening of the parietics or fracture exists, death sometimes 
ensues hy suffocation, as the direct result of pulmonary en- 
gorgement. The danger of pleuritis or pneumonia will, when 
the injury has been so severe as to cause division of bone or 
cartilage, and the subsequent suppuration and process of ex- 
foliation, will not unfrequcntly prove very tedious and trouble- 
some. Although the pleura has not been opened, the lung 
may be lacerated, either by the force of contusion, or, as m a 
case recorded by Dr. Macleod, by the edges of the fractured 
ribs, which may afterwards return to their normal relative ' 
positions, so as to leave no indication during life of the means 
by which the lung had been wounded. Such an injury would 
be rendered much more, probable by the existence of old ad- 
hesions, connecting the pulmonary and costal pleurae opposite 
to the site of injury. 

Notwithstanding a projectile has not penetrated the parie- 
ties of the chest, & pleural cavity may be opened, as in injuries 
from other causes, and the lung wounded by the sharp edges 
of fractured ribs. This will be indicated by emphysema, 
pneumothorax, haemoptysis, probably signs of internal he- 
morrhage and inflammation. Such wounds will generally be 
the result of injuries from fragments of shell. 

Penetrating WounSs, — These wounds, especially when the 
lung is perforated or the projectile locrges, are necessarily ex- 
ceedingly dangerous. Fatal consequences are to be feared, 
either from hemorrhage, leading to exhaustion or suffocation; 
from inflammation of the pulmonary structure or pleurae; 
from irritative fever accompanying profuse discharges ; or 
from fluid accumulations in one or both of the pleural sacs. 

In gun-shot injuries a penetrating wound of the chest is, in 
most instances, readily obvious to the seuse of sight or touch; 
but it will be found by no means easy always to decide whether 
a lung has been penetrated or otherwise. The train of symp- 
toms usually described as characterizing wounds of the chest 
must not be expected to be all constantly present ; they are 
each liable to be modified by a great variety of circumstances, 
and may each severally exist in penetrating wounds of the 
chest where the lung has escaped perforation. Nor is it al- 
ways easy to determine whether the ball has lodged or not; 
or, the ball having passed through, whether fragments of 
bone, or other substances, have remained behind. When the 
chest has been opened by a projectile, the following signs may 
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be expected in addition to the external physical evidences of 
the injury : a certain amount of constitutional shock, collapse 
from loss of blood, and, if the lung be wounded, effusion into 
the pleural cavity, haemoptysis, dyspnoea, and an exsanguino 
appearance. These will generally, but not invariably, be fol- 
lowed, after twenty-four hours or later, by the usual signs of 
inflammation in some of the structures injured. 

The shock of penetrating wounds of the chest, apart from 
the collapse consequent on hemorrhage, is not generally so 
great as happens in extensive injuries to the extremities, or 
in penetrating wounds of the abdomen. There is often much 
more shock where a. ball has not penetrated ; but, having met 
with something to oppose its course, has nevertheless inflicted 
a violent percussion of the whole chest and its contents. 

When loss of blood occurs without the lung being wounded, 
the hemorrhage is probably proceeding from a wound of one 
of the intercostal arteries, which has been torn by the sharp 
ends of fractured bone. Serious hemorrhage, however, is 
exceedingly rare from vessels external to the cavity of the 
chest. 

When blood is effused in any large quantity into the pleural 
sac — as indicated by the exsanguine appearance of the patient, 
increasing dyspnoea, occasional haemoptysis, and the stethosco- 
pic signs of auscultation — the inference is that the lung has 
been opened, and that it is from its structure the blood is 
flowing. The amount of hemorrhage in wounds of the lung 
will greatly vary according to the direction of the track of the 
ball ; for the large vessels cannot here glide away from the 
action of the projectile, as they may in the neck or extremities 
of the body. Wounds, therefore, near the root of each lung, 
where the pulmonary arteries and veins are largest, are at- 
tended with the greatest amount of hemorrhage ; and ag 
coagula can hardly form sufficiently to suppress the flow of 
blood, are generally fatal. 

Haemoptysis indicates injury to the lung, but does not give 
assurance that this organ has been penetrated. It generally 
accompanies gun-shot wounds of the lung in a greater or less 
degree, no doubt always when a bronchial tube of large size 
is penetrated; but, as may be ascertained by careful perusal 
of recorded cases, is sometimes wholly absent, even though 
the patient may be troubled by cough. 

Dyspnoea is | frequent accompaniment of wounds pene« 
3* 
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trating the lung, but not as a constant symptom before in- 
-flammatory action lias set in. When dyspnoea is great in tho 
early period, it will often be found to depend upon the inju- 
ries to the parleties, and to the pain caused on taking a full 
inspiration ; as a sign of subsequent mischief in the progress 
of the case, it is, of course, very constantly present. It is 
now known that the opening of the pleura docs not necessarily 
induce collapse of the lung, even though unfettered by adhe- 
sions during life. It was formerly supposed that the escape 
of air by the wound was a sufficient proof that the lung had 
been opened by the projectile; but it is evident that it is not 
so, as the air may enter by the wound and be forced out again 
by the expansion of the lung in inspiration, or by the action 
of the chest on expiration. If air and frothy mucus, with 
blood, as noticed in one of the cases recorded in the Crimean 
campaign, escape by the wound, there can be no doubt of the 
nature of the injury. Emphysema is not common in pp.nc- 
trating gun-shot wounds, but occasionally happens. The free 
opening generally made by the projectile sufficiently explains 
the fact. 

Treatment. — The object of the surgeon's care must be, in 
the first place, to arrest hemorrhage ; afterwards, to remove 
pieces or jagged projections of bone, or any other sources of 
local irritation ; and to adopt means to prevent interference 
with the natural process of cure which takes place by adhe- 
sion of the opposite pleural surfaces near the wound in the 
first instance, and subsequently by cicatrisation of the wound 
itself. Although the shock may happen to be considerable, 
attempts to rally the patient, if any be made, should be con- 
ducted very cautiously; the prolongation of the depressed 
condition may be valuable in enabling the injured structures 
to assume the necessary state for preventing hemorrhage. 
Hemorrhage from vessels belonging to the costal paricties 
should be arrested by ligation, as in other parts, if the source 
from which it proceeds can be ascertained, and if the flow of 
blood be so free as not to be controlled by the ordinary styp- 
tics. Operative interference of this kind is chiefly called for on 
account of secondary, not primary, hemorrhage. 

Hemorrhage from the lung itself must be treated on the 
general principles adopted in all such cases ; the application 
of cold to the chest, perfect quiet, the administration of 
opium, and, if the patient be sufficiently strong, bleeding from 
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a large vein until syncope supervenes. When blood has accu- 
mulated in any large quantity, and the patient is much op- 
pressed, the wound should be enlarged, if necessary, so as, 
with the assistance of proper position, to facilitate its escape. 
If the effused blood, from the situation of the wound, cannot 
be thus evacuated, and the patient is in danger of suffocation, 
then the performance of paracentesis, as directed for the re- 
lief of empyema, must be resorted to. 

The extensive bleedings formerly recommended in all pen- 
etrating gun-shot wounds of the chest, are now practised 
with much greater limitations ; indeed, should never be em- 
ployed simply with a view to prevent mischief from arising. 
Venesection, carried to a great extent, does harm by lessening 
the restorative powers of the frame It appears to interrupt 
the process of adhesion between the pleural surfaces and the 
steps taken by nature to repair the existing mischief, while it 
leads the injured structures into a condition favorable for 
gangrene, or encourages the formation of ill-conditioned puru- 
lent effusions. When inflammation has arisen, venesection 
may be joined with other means to control its excessive action, 
and to give relief, which it certainly does, to the patient; and 
when hemorrhage is manifestly going on internally, it maybe 
practised with a view of draining the blood from the system 
and more speedily inducing faintness, to give an opportunity 
to the pulmonic vessels to become closed ; but, even when thus 
applied, the general state of the patient will not be unconsid- 
ered by a judicious surgeon, nor caution neglected lest the 
venesection cause him to sink more rapidly from the additional 
shock to the system and abstraction of restorative force. 
Taking away blood certainly docs not prevent pneumonia from 
supervening, but occasionally seems to give the inflammation, 
when it arises, more power over the weakened structures, or 
even to cause it to be accompanied by typhoid symptoms. 

To remove splinters of bone, and re-adjust indented portions 
of the ribs, the finger should be introduced into the wound, 
and care taken that in so doing no pieces of cloth or fragments 
be separated and projected into the pleural sac. .Notice must, 
at the same time, he taken of any bleeding vessel requiring to 
be secured. A pledget of lint should be laid on the wound, 
and a broad bandage placed around the chestjusttight enough 
to support the ribs aud in some degree to restrain their move- 
ments, but with an opening over each wound large enough to 
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permit the ready access of the surgeon to it, if necessary. If 
the patient's comfort admits of it, he should be laid with the 
wound downwards, with v, view to prevent accumulation of 
fluid in the pleura ; and if there be two openings, as will be 
most frequently the case in rifle-ball wounds, one wouud 
should be thus placed, and the upper be kept covered. In 
gun-shot wounds, closure of the parieties by adhesion is of 
course not to be looked for. The diet, beverages, and medi- 
cines must constantly have reference to the avoidance of in- 
flammatory action; and should this occur, it must be combated 
on general principles. 

If the presence of a ball within the cavity be ascertained, 
efforts should be made for its removal. But any attempt to 
determine where the ball has lodged should be made very cau- 
tiously, as more harm may result from the interference than 
from the lodgment of the foreign body. The existence of old 
adhesion will modify the effects of a penetrating wound, by 
excluding the track.of the ball from the general pleural cav- 
ity, and may influence the result of the injury, especially if 
there be hemorrhage, or lodgment of foreign bodies, which 
may thus be brought within the sphere of removal more 
readily. 

Wounds of the heart seldom come to the military surgeon's 
notice, as they ordinarily prove fatal on the battle-field. 

Gun-shot Wounds of the Neck. — Gun-shot wounds of this 
region do not appear to be so fatal as might be anticipated 
from the large vessels and important canals leading to the 
thorax and abdomen, which at first sight appear to be so ex- 
posed and unprotected. In no region are so many examples 
offered of large vessels meeting, but escaping from balls in 
their passage, as in this, because the cause which operates 
elsewhere, ready mobility among long and yielding structures, 
exists in a greater degree in the neck than in any other part. 
When the large vessels happen to be divided, death must fol- 
low almost immediately. Superficial wounds of the neck offer 
no peculiarities. The larynx and trachea beiug the organs 
most prominent and most frequently injured, are those which 
chiefly attract the surgeon's notice in warfare. 

Gun-shot Wounds of the Abodomen. — Gun-shot wounds of 
the abdomen are, like those of the chest, divided into non- 
penetrating and penetrating. 

Non-penetrating may be either simple flesh-wounds^ or may 
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be accompanied with fracture of some of the pelvic bones, or 
with injury to some of the contained viscera. In penetrating 
wounds the peritonaeum only, or, together with it, one or more 
of the abdominal viscera, may be wounded ; or, in compara- 
tively rare cases, a viscus may be penetrated without the peri- 
tonaeum being involved. It is in the regional cavity of the 
abdomen that the proportion of penetrating wounds is the 
greatest. The cranium, from its form, structure and cover- 
ings, serves as a strong defence even against gun-shot. The 
osseous, yet elastic and .moveable ribs, the sternum, and mus- 
cular parieties, greatly protect the contents of the cavity which 
they enclose ; but the extensively exposed surface of the ab- 
domen, anteriorly and laterally, has no power of resistance to 
offer against a projectile directly impinging it; and when the 
important cavity is once pentrated by these means, death is 
the almost inevitable result. Even the changes of a favora- 
ble termination which may exist in wounds from other causes 
are generally wanting ; and much of their treatment, such as 
the use of sutures, and other means to insure the apposition 
of cut edges, is inapplicable — from the parts to a certain dis- 
tance being almost necessarily deprived of their vitality — to 
injuries from gun-shot wounds. 

Non-penetrating Wounds. — If, although the viscera have 
been contused, the injury does not amount to being mortal, 
the patient should be subjected to perfect quiet, extreme ab- 
stinence, and, only when inflammation arises, to the necessary 
treatment for its control. 

If the parieties have been much contused, abscess and 
sloughing may be expected, aud a tendency to visceral pro- 
trusion must be afterwards guarded against. 

When portions of the pelvic parieties are fractured by 
heavy projectiles, very protracted abscesses generally arise, 
connected with necrosed bone; and the vital powers of the 
patient are greatly tried by the necessary restraint and con- 
finement. The great force by which these wounds must be 
produced, aud the general contusion of the surrounding struc- 
tures, cause a large proportion, sooner or later, to prove fatal, 
notwithstanding the peritoneal cavity may have escaped. Even 
apparently slight cases, as where a portion of the crest of the 
ilium is carried away by a shell, or ball lodged in one of the 
pelvic bones, often prove very tedious from the loDg-coutinued 
exfoliations and abscesses which result. 
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Penetrating Wounds. — A penetrating wound of the abdo- 
men, whether viscera be wounded or not, is usually attended 
with a great amount of " shock." The prognosis will be ex- 
tremely unfavorable if there is reason to fear the projectile 
has lodged in the cavity of the peritonaeum ; and in all cases 
the danger will be very great from inflammation of this se- 
rous investment. The liability to accumulation of blood in 
the cavity, from some vessel of the abdominal wall being in- 
volved in the wound, must not be forgotten. 

When, in addition to the cavity being opened, viscera are 
penetrated, and death does not directly ensue from rupture of 
some of the longer arteries, the shock is not only very severe, 
but the collapse attending it is seldom recovered from up to 
the time of the fatal termination of the case. This is some- 
times the only symptom which will enable the surgeon to di- 
agnose that viscera are perforated. The mind remains clear, 
but prostration, oppressive anxiety, and restlessness, are in- 
tense, and, as peritonitis supervenes, pain, dyspnoea, diffused 
tenderness, irritability of the stomach, distension, and the 
other signs of this inflammation, are superadded. In ordi- 
nary wounds from musket-shot, scarcely any matter will es- 
cape from the opening in the parieties, the margin of which 
becomes quickly tumefied, but if any escape, it will probably 
indicate what viscus has been wounded. If the stomach has 
been penetrated, there will probably be vomiting of blood 
from the first. If the spleen or liver be wounded, death 
from hemorrhage is likely to follow quickly. In some in- 
stances patients, however, recover after gun-shot wounds 
involving these viscera. 

If the small intestines have been perforated, and death fol- 
lows soon after from peritonitis, the bowels usually remain 
unmoved, so that no evidence is offered of the nature of the 
wound from evacuations ; but in any case of penetrating 
wound of the abdomen, when the opportunity is offered, steps 
should be taken to isolate and examine all evacuations which 
may follow. If the kidneys_ or bladder are penetrated, the 
escape of urine into the abdomen is almost a certain cause of 
fatal result. The latter viscus may, however, be penetrated 
without the peritoneal cavity being opened, and, as experi- 
ence proves, the wound is by no means of a fatal charac- 
ter. Musket balls sometimes lodge in the bladder. In 
all such cases it is probable that the bladder has been pene- 
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trated at some part uncovered by the peritonaeum, so that the 
cavity of the abdomen has not been opened; or, if other- 
wise, the foreign body has found its way in by ulceration, 
after adhesion has been established, and thus circumscribed 
the openings of communication. Small bodies may also pass 
into the bladder by the ureters. 

When the abdominal parieties have been opened by shell 
or passage of large shot, protrusion of omentum and in- 
testine will probably be one of the results. This docs not 
always happen. Sometimes a wound caused by a large pro- 
jectile, which was at first not penetrating, will indirectly be- 
come so, from the severe contusion and consequent sloughing, 
to such an extent as to denude the viscera. Curious instances 
arc recorded, in which balls have passed directly through the 
abdomen, without perforating any important viscus, as proved 
by examination after death. 

G-un-shot wounds ef the colon, especially of the sigmoid 
flexure, appear to be less fatal, probably from structural 
causes, as well as circumstances of position, than wounds of 
the small intestines; they sometimes lead to faecal fistula, and 
thus save life for a time. 

Wounds of the Diaphragm, — Musket balls occasionally 
pass through the diaphragm; and Mr. Guthrie has remarked 
that these wounds, in instances where the patients survive, 
only become closed under rare and particular circumstan- 
ces. Hence the danger of portions of some of the viscera 
of the abdomen, or the stomach or colon, passing into the 
chest, and thus forming diaphragmatic hernias; and of these, 
eventually, from some cause becoming strangulated. The di- 
rection of the ball, "hiccough, dyspnoea, accompanied with 
spasmodic inspiration and inflammatory signs, more partic- 
ularly connected with the chest, will be the usual indica- 
tions of such a wound; and in case of recovery, the risk of 
hernial protension and strangulation must be explained to the 
patient. 

Should the strangulation occur, it can hardly be expecetd that 
division of the structure could be performed without the 
operation itself leading to equally certain fatal results. 

Treatm < nt. — In the general treatment of penetrating wounds 
of the abdomen, the surgeon can do little more than to soothe 
and relieve the patient by the administration of opiates, and 
to treat symptoms of inflammation, when they arise, on the 



64 GUN-SHOT WOUNDS. 

same principles as in all other cases. The usual directions to 
attempt agglutination of the opposite portions of peritonaeum 
by favorable posture cannot generally be carried out, the at- 
tempts being defeated by the restlessness of the patient. 
The collapse which attends such injuries may be useful in 
checking hemorrhage ; and the exhibition of stimulants is 
further contra-indicated by the risk of exciting too much reaction 
should the wound not prove directly fatal. If the wound be 
caused by grape-shot, or a piece of shell, and the intestine 
protrudes, it must be returned; if the intestine be wounded, 
sutures are inapplicable, as in an incised wound, without pre- 
viously removing the contused edges. When the bladder is 
penetrated care must be taken to provide for the removal of 
the urine, either by an elastic catheter, or, if this cannot he 
retained, perineal incision. 

Gun-shot Wounds of the Perinseum and Genito-urinary Or- 
gans. — From the position of those parts of the body, uncom- 
plicated gun-shot wounds of them are comparatively rare. 
Perineal wounds are not unfrequently caused by shells burst- 
ing and projecting fragments upwards ; but they are generally 
mixed with lesions of viscera of the pelvis, or fracture of its 
structure, or injuries about the upper parts of the thighs or 
buttocks. 

Gun-shot Wounds of the Extremities. — Gun-shot wounds 
of the extremities divide themselves into flesh wounds and 
contusions, and those complicated with fracture of one or more 
bones. Flesh wounds may be simple, and these offer few pe- 
culiarities, whatever their site ; or they may be accompanied 
with lesions to nerves, or blood-vessels, or both, and these 
usually increase in gravity in proportion as they approach the 
trunk. 

When complicated with fracture, the lesion is usually ren- 
dered compound by the direct contact of the projectile with 
the bone injured; but the fracture is sometimes simple when 
caused by indirect projectiles, such as stones or splinters, or 
by spent balls. These injuries are liable to become further 
aggravated by the fracture extending into, or being compli- 
cated with, an opening of one of the joints. Joints may be 
contused or opened by projectiles without apparent lesion of 
any portion of the bones entering into their composition ; but 
these are exceptions to the usual order of such cases from 
gun-shot. 
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Simple flesh wounds have already been referred to, both in 
respect to their nature and treatment in the commencement 
of this essay. It is in connexion with fractures of bones and 
their proper treatment that the interest of the surgeon is 
chiefly attracted in gun-shot wounds of the extremities. From 
the nature of the injuries to which bones are subjected by the 
modern weapons of war, together with the irreparable nature 
of the wound in the softer structures, except after a long pro- 
cess of suppuration and granulation, as well as from the usual 
circumstances of military life, it might be anticipated that 
difficulty ivould often arise in determining which of the double 
set of risks and evils — those attending amputation, and those 
connected with attempts to preserve the limb with a profitable 
result — would be least likely to prove disadvantageous to the 
patient. Experience in such injuries has established certain 
rules which are now generally acted upon ; some still remain 
sub judice. 

Upper Extremity. — Fractures of the bones of the arm are 
well known to be very much less dangerous than like injuries 
in the corresponding bones of the lower extremity. Unless 
extremely injured by a massive projectile, or longitudial com- 
minution exists to a great extent, especially if also involving 
a joint, or the state of the patient's health be very unfavora- 
ble, attempts should always be made to preserve the upper 
extremity after a gun-shot wound. 

In these injuries, when the bone is much splintered, the 
detached portions, and any fragments which are only retained 
by very partial periosteal connexions, should be removed ; 
projecting spiculne sawn or cut off; the wound being extended 
at the most dependent opening where two exist, or fresh in- 
cisions being made for this purpose, if necessary; light 
water dressing applied; the limb properly supported, and 
the case proceeded with as in cases of compound fractures 
from other causes. The same general rules also apply to 
the preserving as much of the hand as possible in gun-shot 
injuries. 

If the shoulder or elbow joint be much injured, but the 
principal vessels have escaped, the articulating surfaces and 
broken portions should be excised. Care should be taken to 
see that the projectile has wholly passed out, or been removed. 
The results of excision practiced in the shoulder and elbow 
joints, especially the former, after gun-shot wounds, have been 
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exceedingly satisfactory. These operations present no pecu- 
liarities in the mode of porfonnaoce or their after treatment, 
as compared with similar resections in civil practice. 

Lower Extremity.— Gun-shot wounds of the lower extretn- 
ity vary much more greatly in the gravity of their results, as 
well as in the treatmeijt to" be adopted, according to the part 
of the limb injured, than happens in those of the upper ex- 
tremity. As a general rule, ordinary fractures below the 
knee, from rifle balls, should never cause primary amputa- 
tion ; while, excepting in certain special cases, in fractures 
above the knee, from rifle balls, amputation is held' by most 
military surgeons to be a necessary measure. The special 
cases are gun-shot fractures of the upper third of the femur; 
especially when the hip-joint is implicated, for in these the 
danger attending amputation itself is so great that the ques- 
tion is still open whether the safety of the patient is best 
consulted by excision of the injured portion of the femur, 
by simple removal of detached fragments and trusting to na- 
tural efforts for union, or by resorting to amputation. The 
decision of the surgeon must generally rest upon the extent 
of injury to the surrounding structures, the condition of the 
patient, and other circumstances of each particular case. If 
the femoral artery and vein have been lacerated, any attempt 
to preserve the limb will certainly prove fatal. 

Attention was specially dirt-oied in the late Crimean cam- 
paign, to the question of the proper treatment^of these inju- 
ries, and expectations were generally held that the advanced 
experience in conservative surgery would load to many such 
cases, terminating favorably, with p reservation of the limb, 
which previously would have been subjected to amputation. 
Towards the latter part of the war, all the circumstances of the 
patients were as favorable for testing this practice as they had 
been iu the various emeutes in Paris, with the advantages of 
immediate attention and all the appliances of the best hospitals 
close at hand. Yet, in the Surgical History of the Campaign, 
it is stated that only fourteen out of one hundred and seventy- 
four cases of compound fracture of the femur among the men, 
and five out of twenty among the officers, recovered without 
amputation being performed ; that those selected for the ex- 
periment of preserving the limb were patients where the 
amount of injury done to the bone and soft parts was com- 
paratively small ; that where recovery ensued, it always proved 
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tedious, and the risks during a long course of treatment, nu- 
merous and grave ; and that the proportion of recoveries 
would not appear even so large as the above, if the deaths of 
those who, after long treatment, were subjected to amputation 
as a last resource, were included. Amputations of the thigh, 
however, were very fatal in their results also, the recoveries 
being stated to be, among the men, in the upper third, 
12 9-10 ; in the middle third, 40; in the lower third, 43 3-10 
per cent, of cases treated. Among the officers the proportion 
was rather more favorable. But this per centage includes 
those cases in which attempts had been made to preserve the 
limb, and failure resulting, amputation was resorted to as a 
last chance of saving the patient, so that they ought to have 
been excluded from the lists of amputations, both primary 
and secondary, as commonly interpreted. On account of this 
comparatively indifferent success of amputation, resection of 
portions of the shaft of the femur was sometimes practised, 
but the records state that no success attended the experiment, 
every case, without exception, having proved fatal. 

In considering the results of gun-shot fractures of the 
femur, the situation of the injury is a matter of great impor- 
tance, whether as regards chances of recovery without or 
with amputation. Dr. Macleod, in his Notes, remarks that 
he has only been able to discover three cases in which recovery 
followed a compound fracture in the upper third of the femur 
without amputation. A case, however, was under the care of 
the writer, not included in the above, nor appearing in the 
official history of the war ; and one, judging from the results 
described in Dr. Macleod's Notes, more fortunate in its issue 
than at leant two of the number he mentions. Dr. Macleod 
says that, after many inquiries respecting cases of this nature 
in the hospitals of other armies engaged in the war, excepting 
one presented by Baron Larrey to the Societe de Chirurgiein 
1857, he never could hear of any other but that of a Russian, 
whose greatly shattered and deformed limb he often examined. 
It united almost without treatment. Two cases of united 
fractures of the femur in the upper third have arrived from 
the late mutiny in India, and in both, Dr. Williamson records, 
a good and useful limb had resulted, one with shortening of 
one and a-halfand the other tJ|rec and a-half inches. Still 
more recently, M. Jules Roux, of the St. Maudrier Hospiflfc 
at Toulon, has given a list of no less than twenty-one cdPs 
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of gun-shot injuries of the upper third of the femur, which 
he had examined on their return from the Italian war of 
1859. 

The proportion of recoveries in amputations of the upper 
third of the femur in the Crimean war was under 13 per 
cent. Amputations at the hip-joint, both in the French and 
English armies, in all instances proved fatal. Resection of 
the upper part of the femur, including the head, and two 
inches below the small trochanter, was performed once, but 
the patient died from pysemia. The operation in this instance 
was performed three weeks after the injury. 

M. Legouest, in a recent essay in the Memoirs of the So- 
ciety of Surgeons, at Paris, maintains that amputations at 
the hip-joint should be reserved for cases of fracture, with in- 
jury to the great vessels, and that when the vessels have es- 
caped, resection should invariably be performed. He also 
inculcates, as a general principle, not to perform immediate 
primary amputation at the hip-joint in any case ; but, even 
in the severest forms of injury, to postpone the operation as 
long as possible. For the consecutive^ results of gun-shot 
wounds, the operation presents a less unfavorable aspect than 
for immediate injuries. M. Jules Roux has recently, at 
Toulon, performed amputation at the hip-joint six times, for 
the consequences of wounds received during the war in Italy, 
and of these, four have been successful. 

With regard to gun-shot fractures in the middle and lower 
third of the femur, the experience of the French and Eng- 
lish armies in the Crimea has tended to confirm the doctrine 
of the older military surgeons, that many lives are lost which 
might be otherwise preserved, by trying to save limbs ; and 
that, of the limbs preserved, many are little better than in- 
cumbrances to their possessors. In the late Italian battles, 
the practice of trying to sav» lower extremities, after commi- 
nuted fractures in these situations of the thigh, appears to 
have been abandoned. Eight cases of union, after com- 
pound gun-shot fractures of the femur in these situations, 
have, however, returned from the late mutiny in India, and 
this is a much larger proportion than was that of the recove- 
ries from the Crimea. But wounds generally, when proper 
care is taken, heal more favorably in Southern latitudes, East 

»,West, probably owing to#e climate admitting of much 
ire free access of fresh air, by day and night, to the patient, 
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that can bo afforded, without inconvenience, in colder or more 
variable climates. % 

In fractures of the leg, where neither the knee or ankle- 
joints are implicated, the results of conservative attempts have 
been more favorable. Where the fracture is comminuted, and 
implicates the knee or ankle joint, opening the' capsule, am- 
putation is necessary. The knee-joint was once excised in 
the Crimea, but the patient died ; as was the case in the only 
other instance where* this operation is known to have been 
performed for gun-shot injury in the Schleswig-Holstein cam- 
paign. In the treatment of fractures of the leg, when it has 
been determined to seek union, the same remarks apply as 
those made above, in respect to fractures in the upper ex- 
tremity. In wounds of the foot, it is especially necessary to 
remove, as early as possible, all the comminuted fragments of 
the bone 'injured, or tedious abscesses, and much pain and 
constitutional irritation, are likely to ensue. 

CHLOROFORM AS AJST ANESTHETIC 

Chloroform is a limpid, colorless, volatile, neuter liquid, 
having a bland, ethereal odor, and hot, aromatic, saccharine 
taste. It neither reddens nor bleaches litmus paper. It is 
but slightly soluble in water. Its specific gravity is 1.49 
United States, 1.48 London, 1.496 Dublin. It boils at 142°. 
It is not imflammable, but renders the flame of an alcohol 
lamp yellow and fuliginous. It burns, however, with a smoky 
flame when mixed with an equal volume of alcohol. When 
pure, it has no action on potassium. It is scarcely acted on 
by sulphuric acid in the cold, but dissolves readily in alcohol 
and ether. A strong alcoholic solution is decomposed by 
abundance of water, the chloroform separating and subsiding, 
and the alcohol mixing with the water. 

Impurities and Tests. — Chloroform is liable to contain al- 
cohol and ether; both of which lessen its specific gravity. 
To determine the presence of impurities which have this 
effect on its density, Soubieran recommends that a drop of 
the suspected chloroform be added to a mixture of equal 
weights of concentrated sulphuric acid and water. Such an 
acid, when cold, will have the specific gravity of 1.38, and 
good qhloroform, being of greater density, will sink in it. 
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M. Miahle has proposed the following test for the presence 
of alcohol : drop into distilled water a small quantity of the 
chloroform. If pure, it remains transparent at the bottom of 
the glass; but, if it contain even a small proportion of alcohol, 
the globules acquire a milky appearance. The most injurious 
impurities are the chlorinated pyrogenous oils. When the 
vapor of the oils is inspired, or even smelt, it causes, accord- 
ing to Dr. Gregory, distressing headache and sickness. These 
pyrogenous oils are detected by the action of pure and strong 
sulphuric acid. Pure chloroform, when mixed with an equal 
volume of the acid, does not color it ; but, when contaminated 
with these oils, gives the acid a color, varying from yellow to 
reddish-brown, according to the amount of impurity present. 
In applying this test, several fluid ounces of chloroform should 
be used, as a slight change of color cannot be easily seen in a 
test tube. If the chloroform, thus contaminated, be poured 
upon the hand, it quickly evaporates, leaving the oily impuri- 
ties, recognizable by their peculiar offensive smell, which is no 
longer covered by that of the chloroform. Pure chloroform, 
poured upon white paper, evaporates entirely without leaving 
any tache. 

All new agents, that are presented for a place upon the 
primary list of the pharmacopoeia, are viewed with prejudice 
and suspicion by the profession. In regard to chloroform, 
the feeling of distrust was very strong, whilst, on the other 
hand, the public eagerly seized upon and employed it, of 
course ignorantly aud incautiously, and fatal results often 
followed. Every such case was gladly reported by the sensa- 
tion press of the day, and thus, perhaps, we have more of the 
fatal cases resulting from the use of chloroform recorded, 
than from any other therapeutic agent Very many more of 
the fatal cases were due to unskilfulness in its preparation 
and carelessness in testing for its impurities. The single case, 
cited in the British /Surgical History of the Campaign in the 
Crimea, was due to these causes. But, perhaps, the greatest 
number of accidents have occurred with our own profession, 
and in cases, where we would least expect them, — in its ad- 
ministration for minor operations. A satisfactory explanation 
of this anomaly has been found in the fact that, in all these 
cases, the operator, in attempting to avoid danger by giving 
very little of the anaesthetic, has allowed " shock " to be pro- 
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duced, and death has been the result of it If the anesthetiza- 
tion had been pushed further, shock would have been entirely 
prevented. Other cases have occurred, with the profession, 
from inattention to the condition of the respiratory functions. 
We do not object to the attention paid to the pulse, but would 
insist upon greater being given to the respiration, since death 
results, in a majority of fatal cases, from obstruction to this 
latter function. 

Some unfortunate results have been attributed to its em- 
ployment in the most desperate cases, where, but for its aid 
the surgeon would have considered it madness to have ope- 
rated. Still other, to want of special care in certain cases, 
as where there has been excessive hemorrhage, the chloroform 
being in such instances absorbed at once, owing to the empti- 
ness of the veins; in cases of debility, where the accustomed 
stimulant is neglected before commencing or during the in- 
halation ; and in that still larger class where it is not given to 
the required extent. 

V\'hatever may be thought of it by civil practitioners, army 
surgeons cannot fail to give it their implicit confidence, when 
they consider the results of experience in its use, and the 
weight of authority demanding its employment. A compu- 
tation has been made that one fatal case has occurred in every 
16,000 in which it has been employed. Mr. Syme has used 
it in 5,000 cases with favorable results in every instance. 
Professor Simpson has administered it in over 15,000 cases 
without a single accideut. In the Crimean war it was inhaled 
25,000 times with no unfavorable result. Not a single case 
is reported from its employment in the late Italian war ; and 
the same may be said of its use in our own service for nearly 
three years. 

Professor Longmore says, " the complete applicability of 
chloroform, on the field, to injuries caused by gun-shot wounds 
as to all others in civil practice, is established among conti- 
nental surgeons, and among a majority of British surgeons.'' 
Dr. Scrive, Chief of the French Medical Department of the 
East, writes, "of all the therapeutical means employed in the 
surgical art, none has been so efficient, and none has succeeded 
so well as chloroform; under no circumstances, in its employ- 
ment with thousands, did it cause the slightest accident," 
Surgeon Major M. Armand says: " During the Italian war, 



72 . GUN-SHOT WOUNDS. 

chloroform was as extensively used and was as harmless as in 
the Crimea." Macleod strongly recommends it; "for my 
own part, I have never had reason, for one moment, to deubt 
the unfailing good and universal applicability of chloroform in 
gun-shot injuries, if it be properly administered." Guthrie 
advises its use in the gravest of capital operations — amputa- 
tion at the hip-joint. Deputy Inspector-General Alexander, 
of the British service, reports that " no operations whatever, 
of agy consequence, has been performed in the Light Division 
without first placing the patient under the influence of chloro- 
form, and in no single instance have either the medical officers 
of the division or myself seen any bad results follow, or had 
td reject its use, but quite the contrary. I«t should, therefore, 
be always employed, being careful only as to its purity and 
the mode of its administration. 

Mode of Administration, &c. — A bed for the patient should 
be prepared, preferably in the open air, if the weather will per- 
mit, or in a room which may be quickly and freely ventilated 
by currents of fresh air. The patient, placed upon it, should 
have the head supported but by a single pillow, as it is very 
important that he be put and kept in the horizontal posture, 
and on no account be raised during the inhalation lest syncope 
supervene. The clothes should be loosed from about the neck, 
chest and abdomen, in order that the respiratory movements 
may be unimpeded ; for the same reason the stomach should not 
be full, as it might interfere with the play of the diaphragm, 
which is the principle agent in respiration during the second 
stage of an?esthetisation. Vomiting would most likely result 
also, and might prove very inconvenient. The best time is, 
possibly, soon after the patient has digested a light, but nutri- 
tious meal — as the stomach is then empty and the patient 
strong. All special instruments of inhalation have been dis- 
carded, and a towel or napkin, folded into a cone, by having 
its corners turned down, is now almost universally employed 
for the purpose. The chloroform, about a drachm, is poured 
into this cone, and is held over the patient's mouth and nos- 
trils, which should previously have been anointed. When the 
inhalation is about to commence, the surgeon should address 
a few kind and encouraging remarks to the patient, telling 
him that all that is required of him is to be still, and breathe 
naturally, and that the uncomfortable feeling of suffocation, 



, 
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which is frequently experienced, will soon pass off;, upon the 
assistants he should enjoin silence, and upon the administra- 
tor the strictest attention to the condition of the resperation, 
pulse and counteuaucc. The administrator will now gradually 
bring the inhaler towards the patient's face, until it is within 
half an inch, and should never carry it further for fear of 
producing vesication, and excluding entirely the air. A proper 
admixture of air is always required in the inhalation of chlo- 
roform. It has been recommended, in the case of the feeble 
and timid, always to precede the inhalation by the administra- 
tion of brandy, or brandy and a few drops of laudanum, and 
if the operation is long continued, to allow the patient to suffi- 
ciently recover to have it repeated. It has become an almost 
universal practice with surgeons in our own service to use the 
brandy in all cases before resorting to the anaesthetic. The 
practice is a safe one, and should not be omitted. 

The phenomena produced by the anaesthetic have been di- 
vided into two stages : the first, one of excitement; the second, 
one of unconsciousness, insensibility and relaxation. The ex- 
citement is first shown upon the brain as the organ of intel- 
lection and sensation, when we have the mutterings, the wild 
eye, the cries, the exalted imagination, displaying themselves 
according to the peculiarities of the patient or the impressions 
made by circumstances. We have next the voluntary motions 
interested, as expressed by violent struggles, attempts to rise, 
and rigid contraction. The rigidity may extend to the mus- 
cles of the larynx, and thereby cause obstruction to the re- 
spiration. The reflex functions are the last to be influenced, 
as is exhibited by the spasmodic clo3ure of the eye-lids upon 
the slightest touch. The actions of the nervous centres are, 
in the same regular gradation " abolished, and we have uncon- 
sciousness, insensibility and relaxation of the voluntary mus- 
cles. The patient cannot be aroused, call him ever so loud, 
nor move, inflict what we may; the eye-lids no longer contract 
when the conjunction is touched, — the reflex functions are Sus- 
pended, and the organic nerve centres alone are active. The 
inhalation has been carried as far as is either necessary or safe. 
It is maintained by the occasional repetition of the inhalation. 
Insensibility of the conjunctiva is perhaps the best test of 
perfect anaesthetisation, since by it we see that the reflex 
functions of the cercbro -spinal axis are suspended. There is, 
4 • 
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however, a remarkable and most fortunate exception to this 
suspension- the nervous centres presiding over the lungs and 
heart are still active, though much less so than in the normal 
condition of the system. We find the pulse slow, small and 
weak, the respiration shallow and feeble; as they have only 
the organic acts to subserve, their force is diminished. In 
some instances, the stage of excitement is very transient, and 
the patient seems at once to fall into a quiet slumber ; in other 
cases the first stage is much prolonged. During the whole 
time of administration the strictest attention should be paid 
to the respiration. Should obstruction come on in the first 
stage, as already noticed, it is probably due to the rigidity 
extending to the muscles of the larynx, and the effects are 
the same as those arising from spasm of the glottis. A sus- 
pension of the inhalation will allow the patient to respire 
fresh air, and, after a few inspirations, he will fall back un- 
conscious and relaxed. Should the obstruction not thus 
readily yield, restorative means should be employed. When 
obstruction occurs in the second stage, it depends upon mus- 
cular relaxation, which allows the epiglottis to fall upon the 
glottis, and thus close the rima glottidis. Mr. Lister, how- 
ever, says that this explanation is not satisfactory, and that 
the obstruction is caused by the arytaeno-epiglottidean mucous 
membrane, which is carried forward and touches the base of 
the epiglottis. 

The snoring respiration is due to the relaxation of the mus- 
cles of the soft palate, allowing the velum palate to flap and 
vibrate; whilst the stertorous breathing is laryngeal. Mr. 
Lister attributes this last to the vibrations of the mucous 
membrane upon the apices of the arytenoid cartilages. 

When obstruction occurs in the second stage, we have most 
frequently stertorous breathing, though occasionally the res- 
piratory movements take place silently. There is also lividity 
and profound alteration of the countenance, turgescence of 
the neck, dilitation of the pupil, and eoolness of the general 
surface. If this condition continue, the respiratory move- 
ments soon cease, and then those of the heart. The treat- 
ment, to be efficacious in such extreme cases, must be very 
prompt. The inhalation must be suspended ; the tongue, seized 
by the hook, tenaculum, forceps or fingers, must be drawn 
forcilhj forwards, so as to clear the rima glottidis of the ob- 
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struction. Artificial respiration is to be instituted by either 
Marshall Hall's ready method, by Sylvester's, or by that of 
Prof. Campbell, of Georgia. Fresh, cold air is to be admitted 
to the patient, and water dashed upon his face and chest. 
Stimulating eoemata are administered, and, if to be had at 
once, electricity is applied. In cases less grave, the dragging 
forwards of the tongue and the suspensson of the inhalation 
will be all that is required. The after effects of chloroform 
usually pass off as soon as the patient has had a good sleep. 



CHAPTER III. 
ON THE ARTERIES. 
HEMORRHAGE. # 

The arteries are interesting to the military surgeon chiefly 
on account of the danger and frequent occurrence of hcmor 
rhage in wounds and surgical operations. " Three-fourths 
of those who die on the field of battle," says Morand, 
" perish from hemorrhage." Hemorrhage, then, as first in 
importance among the accidents of battle, takes precedence 
of them all, in its claims upon the surgeon. The means of 
arresting the "flow of blood from wounded arteries, is an object 
of the highest moment. With it are connected some of the 
surgeon's most responsible duties, often under circumstances 
in which tirhe is not allowed for either study or preparation 
of any kind. No class of operations demands a more accurate 
knowledge of anatomy than those upon the arteries; no class, 
in which perfect equanimity is so important to the surgeon ; 
and no class, the attendants of which are more calculated 
to alarm, disconcert and confuse him. A familiar and exact 
knowledge of the parts to be operated on, a thorough under- 
standing of conditions in each instance, and a clear idea of 
the course to be pursued, are his only, but sure safeguards 
against mortification and well-merited blame. The well estab- 
lished results of experience, therefore, from whatever source 
they may be gathered, should be in the hands of every one 
having charge of the wounded soldier, with rules to guide, 
and principles to govern, in this most frequent and frightful 
emergency of both the field and the hospital. 

Every lesion of the soft parts is attended with more or less 
effusion of blood, which occurs generally at the moment of 
injury ; at other times, it appears at a period more or less 
remote from the accident. This difference in time has o-iven 
rise to the division of hemorrhage into primary and secondary 
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or consecutive. A large number of cases have been grouped, 
by some, into classes termed retarded and intermediary, which 
terms also have reference to the time at which the effusion 
takes place, and which distinctions we shall retain with cer- 
tain definite restrictions to be indicated hereafter. 

Primary Hemorrhage; — Primary hemorrhage is more 
frequent in injuries from edged^eapons than from gun-shot 
wounds, which arc more apt togbc followed by consecutive 
bleeding. It may be ■capillary^^ous or arterial; infiltrated 
through the meshes of the cellular tissue or collected into a 
mass or clot. 

( 'apillary Hemorrhage. — The loss of blood arising from the. 
division of capillary vessels hardly deserves the name of he- 
morrhage, and seldom engages the attention of the surgeon 
except in cases of that peculiar condition of the system known 
as the " hemorrhagic diathesis," where there is always a trouble- 
some tendency to sanguineous extravasations, and may often be 
observed in those whose constitutions have been impoverished 
by privations and fatigues. M. Legouest, whose valuable work 
we have freely used in these preliminary observations, justly 
remarks that this form of effusion " shows itself more fre- 
quently among soldiers towards the end, than at the beginning, 
of a^campaign." We have observed also during the present 
war, that certain diseases seem capable of establishing the he- 
morrhagic constitution — especially has this been observed after 
the epidemic of measles, so wide-spread in our army during 
1861 and 1862. The blood oozing from the general surface of 
the wound in these cases, re-appears as rapidly as it is wiped 
away, and we are unable to detect any precise point from 
wbich it comes. The blood itself is generally thin and resem- 
bles that of a chlorotic female — cherry juice — the clot, if 
any, is soft and of feeble tenacity. These cases, of course, 
are more suitable to the hospital than to the treatment of the 
camp, and come more properly under the supervision of the 
medical man than the surgeon, though, when the hemorrhage 
is from the gums or nostrils, we are tempted into operative 
measures, which, indeed, seldom accomplish anything. 

Venom Hemorrhage is apt to occur in all wounds of the 
soft parts, but only requires attention when the lesion involves 
large vessels or veins whose calibre is kept open by their at- 
tachment to aponeuroses or the fibrous tissues they traverse, 
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the blood flows generally from the end of the vessel commu- 
nicating with the capillaries. It is poured out by a continuous 
jet of more or less force, increased by pressure above, and 
diminished by pressure below, the point of lesion. The^lood 
is black and slowly forms into friable and diffluent clots. 

Arterial Hemorrhage. — The history of arterial hemorrhage 
is inseparable'from that of^^inds of the arteries. It is this 
form which has deserved i^^Beceived most attention from the 
profession, both because it^smore dangerous to the patient 
and more frequently demands operative measures for its relief'. 

When an artery of an appreciable size has been opened, the 
blood issues by the cardiac end of the divided vessel, in inter- 
rupted oscillatory jets of a bright vermillion color, synchronous 
with the pulsations. Pressure made between the heart and 
the wound generally arrests the hemorrhage. 

Arteries may be incised, punctured, contused or lacerated. 
Each of these forms of injury is attended with results peculiar 
to itself, which, though they necessarily modify the history of 
the case, influence but little the principles which govern the 
treatment. Incised and punctured wounds of arteries give 
rise to primary hemorrhage ; lacerated, more frequently to re- 
tarded or intermediary, when they bleed at all ; while con- 
tused wounds of the vessel, either result in secondary hemor- 
rhage or in traumatic aneurism. 

The form and seat of the wound, and the extent and char- 
acter of jhe division, cause also important modifications in the 
flow of blood. In clean and open wounds, both ends of the 
divided vessel are said to furnish a stream of blood ; that from 
the superior end being of a bright vermillion color, while the 
recurrent stream from the lower end partakes, it is said, some- 
what of the appearance and characters of venous blood ; the 
jets being also less decided. The surgeon seldom has oppor- 
tunity to observe this distinction, as in deep wounds, the two 
streams become mixed and the force of the respective pulsa- 
tions is broken by the streams coming in contact with the 
walls of the wound in the soft parts leading to the orifice. 

The location of the arterial lesion modifies the symptoms in 
other respects : thus, when a considerable vessel or the prin 8 
cipal trunk of a limb happens to be wounded, if very hif>h 
up and near the body, there will be no pulsation in the limb 
below, and the manner and character of the blood discharged 
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will indicate that only the cardiac end is bleeding; if lower 
down, where the collateral communications are abundant, 
pulsations will be perceptible, and the bleeding will probably 
arise from both the cardiac and distal end, or even altogether 
from the distal end. 

This observation of M. Legouest's, relating to the influence 
which the locality of the lesion exercises on the symptoms, 
a little reflection will show to be of great practical importance. 
It has a bearing on that valuable doctrine of Mr. Guthrie, so 
generally applicable that it is now rapidly becoming the inva- 
riable and imperative rule of the profession, viz : That scarcely 
under any circumstances is it allowable to ligate a bleeding 
artery in its continuity above the wound, or elsewhere than at 
the point of lesion, and that, when this rule is departed from, 
the occasional success is "only a matter of accident." From 
the foregoing it will be seen that what has been considered ac- 
cidental is the result of conditions and anatomical relations, 
which can be estimated previous to each operation, viz : the 
position of the wound, and the paucity or abundance of the 
collateral communications with the trunk to be operated on. 
The circumstances in which it may be desirable to depart 
from this important rule laid down by Mr. Guthrie, though 
but few, are yet of very frequent occurrence during every 
active campaign, where even the most unusual peculiarities 
repeat themselves so often and in such rapid succession. The 
advantage, therefore, of being able to recognize the cases in 
which we may safely depart from any giveu rule, when cir- 
cumstances and the good of the patient seem to demand it, is 
worthy of some consideration.- These cases will be referred 
to more fully when' the surgical treatment of hemorrhage is 
in discussion. 

The section of the walls of an artery may be complete or in- 
complete, transverse or longitudinal : 

The complete transverse section of an artery of large calibre 
is apt to be immediately fatal, for it gives rise to a gush of 
blood which ceases only with life. In the most fortunate 
cases of this class, syncope and the other natural processes by 
which hemorrhage is arrested spontaneously, may even per- 
manently close the wound. Most frequently, however, these 
barriers giving way, the effusion of blood re-appears after a 
longer or shorter interval, when it is known under the name 
of secondary or, more properly, consecutive hemorrhage. 
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The incomplete transverse section of an artery gives rise to 
phenomena of different kinds, according as it involves a 
fourth, a half, or three-fourths, of its calibre ; the blood issues 
in part from the wound, and continues in part its course along 
the inferior portion of the vessel. The quantity of the blood 
which escapes being less than in the preceding case, the arte- 
rial pulsations are observed below the wound, and, though 
weakened in proportion to the .extent of the orifice, still pre- 
serves somewhat of their normal characters. Pressure made 
above the wound arrests the flow, while it is augmented by 
pressure below, which last causes the entire contents of the 
artery to be thrown upon the orifice. 

Ordinarily, the hemorrhage is more difficult to arrest when a 
vessel has been divided in part, than when completely severed.. 
When the fourth only of the vessel has been cut, the wound 
is enlarged by the elasticity of the arterial tunics and by the 
flow of the blood ; but, as its stream is not very large, nor 
very violent, it may, especially in the case of the smaller arte- 
ries, be stopped by the formatiou of a clot or by the effusion 
of plastic lymph. When half the circumference of the vessel 
is involved, the effusion is still more increased, and a loss of 
blood is sustained which is almost uniformly fatal. Death, of 
course, is still more certain when three-fourths of a large trunk 
is divided, unless, perchance, the remaining part should break 
under the efforts at retraction made by the arterial tunics, 
when the case will enjoy the scarcely more hopeful chances 
occasionally found in complete transverse section. Incom- 
plete transverse sections are, therefore, more serious than the 
complete, because the obstacle- to retraction and contraction 
of the vessel, which the undivided portion presents, keeps 
the wound permanently open. 

Longitudinal sections of arteries, when not very extensive, 
are much less serious than any of the transverse, and spon- 
taneous cures arc by no means uncommon in this form of 
lesion. 

It is always important to distinguish the kind of hemor- 
rhage we have to deal with. The characters which have 
been assigned above are not so well defined, nor can they 
always be, as to leave no doubt on the mind of the surgeon 
when the wounds are deep and ragged, or when the bleeding, 
instead of occurring externally, takes place in the cavities. 
True, it is well known that blood coming from an artery 
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escapes with move force and in much greater quantity than 
when flowing from a vein ; again, that arterial blood is much 
redder than venous, and that the first issues per saltum, while 
the latter escapes in a coutinuous stream ; but still each of 
these guides is liable to its own peculiar fallacy. Thus, the 
bleeding may be arterial, and yet internal, most of the blood 
being retained in some cavity, or infiltrated among the meshes 
of the cellular tissue, while but a small quantity escapes to 
meet the eye of the surgeon. As examples of this kind of 
obscurity, it is not uncommon to observe, after the removal 
of large tumors, as the mamma, that hemorrhage comes on, 
after the dressing has been completed, from some small artery 
neglected at the bottom of the wound ; on the removal of the 
bandage, a small opening is made somewhere along the line 
of recent union, and the blood issues in a jet upwards, some- 
times five or six inches, the column being sustained by the 
elasticity of the skin, made tense by the accumulation of fluid 
blood ; again, several times during the present war, have we 
seen, in the Georgia hospitals at this post, arterial hemorrhage 
some hours after amputation, or, as in one instance, many 
days after, when union had become pretty firm and the bleed- 
ing was secondary. In this instance, as in the one just stated, 
the blood, accumulated in the pocket formed by the flaps, was 
forced -out of the small opening in a continuous jet, the elastic 
force of the skin overcoming the interrupted force with which 
the artery replenished the contents of the sac. Here the 
supply was arterial, the color red, but the manner of the flow 
was venous. Again, venous hemorrhage may simulate the 
interrupted jet of an arterial bleeding by the proximity of a 
large artery communicating its pulsations to a wounded vein. 
This is sometimes observed when the median-basilic is the 
vessel selected for venesection ; the pulsations of the brachial 
artery beneath may cause the blood to issue per saltum. 
Secondly, if we depend on the quantity discharged for our 
criterion, we may still be deceived, as it is well-known that 
pressure on the vein between the wound and the heart will 
increase the abundance of the venous flow. Thirdly, the 
color is not a safe criterion for other reasons than those just 
given ; the rapidity of the circulation may cause the blood to 
course with such celerity through the capillaries that, though 
it issue from a wounded vein, the change of hue not hav- 
ing been effected, it may be mistaken for arterial blood. 

4* 
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And, finally; we should remember that, in the hemorrhage 
which occurs during operations under chloroform and imme- 
diately after, the arterial blood is almost invariably of a dark 
venous color — sometimes nearly black — owing to the fact of 
the chloroform vapor having replaced the atmospheric air; 
and, though this seems to sustain respiration, it does not 
change the color of the venous blood in the lungs. This fact 
is, we suppose, pretty generally known ; yet, on several occa- 
sions during the present war, we have seen patients lose an 
exhausting amount of blood after amputations, from the opera- 
tor mistaking dark arterial blood, under these circumstances, 
for venous, and waiting for the spontaneous cessation of the 
flow, as he would be justified generally in doing were the 
hemorrhage really venous. For the same reason as given 
above — absence of oxygen — do we find the arterial blood of 
patients laboring under impeded respiration, as in extreme 
compression of the brain or apoplexy, dark enough to be 
taken for venous blood : 

A soldier was brought to the Fourth Georgia Hospital 
with a wound in the temporal region. At first, there was 
only confusion of intellect, with partial hemiplegia — symp- 
toms certainly not warranting the use of the trephine. After 
some days, the paralysis began to increase. He soon became 
comatose, the case now declaring itself one of compression 
from effusion— probably purulent. The symptoms increased 
so rapidly after trephining was determined on, that his re- 
spiration sank to six in the minute, and during the opera* 
tion, as will be seen, ceased several times altogether; his 
face was turgid and very dark, lips and tongue blue. A 
deep incision, to the bone, was made in the temporal region 
in order to raise the fascia and muscle for the trephine. 
Of course, the temporal artery was cut; the blood was 
poured out abundantly per saltum, and it was black like 
venous blood. At this time respiration ceased entirely, and 
we supposed him to be dead. The heart being found still to 
beat, though feebly, " artificial respiration in the sitting pos- 
ture," was applied. The vigor of the pulse was at° once 
restored, and the color of the blood changed from that of 
venous to bright vermillion The countenance also became 
natural during artificial respiration. With the finger on the 
pulse, the operation was rapidly proceeded with, but had to 
be interrupted frequently to apply the artificial respiration 
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whenever the pulse was becoming extinct. The effort was 
always the same during the whole period — more than an 
hour — occupied by the operation, viz : improvement in the 
heart's action, and complete restoration of the arterial color of 
the blood, as shewn whenever there was any bleeding. On 
the removal of the bone the dura mater was found greatly 
distended, and a puncture' gave exit to a large quantity — 
ounces — of pus. Contrary to our hopes, and, indeed, expec- 
tations, spoutancous respiration never returned, though he 
was sustained, and his face kept of the natural color for hours 
arter the pus was evacuated. The heart's*'' action began to 
flag soon, even under the artificial respiration, and he must 
have died after a while, but his death was probably com- 
pleted, we have suspected, by the fumes of ammonia, inju- 
diciously and irregularly applied to excite natural respira- 
tion. The whole time, during and after the operation, he 
did not perform a single spontaneous act of respiration. The 
case is related somewhat in full because of its many points of 
interest, but our present use for it ends with the illustration 
of one single point — the coloration of the blood resulting from 
a g/un-sfyt wound. 

When hemorrhages, instead of being external, take place 
in the substance of the tissues or in the cavities, they give 
rise, on the one hand, to infiltration, and, on the other, to 
effusions of blood. The diffusion of blood among the tissues 
is seidom observed in arterial lesions. It is evidenced by 
rapid augmentation of the volume of the parts in which it 
occurs, by an unpleasant feeling of tension and weight, by 
the marbled and black coloration of the skin which covers the 
effusion, and by the more or less deep and wide-spread pulsa- 
tions in the neighborhood of the wound. Sometimes the 
hemorrhage appears on the surface; at others, it is completely 
enclosed when the extravasation constitutes what is known as 
diffused traumatic aneurism. 

If the effusion takes place in some cavity, the appearance, 
more or less promptly, of the signs of internal hemorrhage 
and the patient's own sensations indicate clearly the means of 
diagnosis. These symptoms and sensations vary in accordance 
with the character of the special organ disturbed or impressed 
by the collection. Thus : if in the cranium, symptoms of 
cerebral compression become manifest; if in the cavity of 
the pleura, dyspnoea if? observed; while, for collections in the 
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cavity of the peritonaeum, the patient is apt to experience an 
unusual and ineffectual desire to evacuate either the rectum 
or bladder, caused by external pressure of the accumulating 
blood on the parietes of these organs. In connection with 
these special symptoms, however, the rapidly progressive or 
complete collapse seldom fails to declare positively, to the 
experienced observer, the existence of internal hemorrhage. 

Consecutive Hemorrhages, — If there is any one acci- 
dent of gun-shot wounds more alarming than primary hemor- 
rhage, that accident is secondary hemorrhage ; for, to all the 
frightful phenomena that assemble in the first, we have matt 
frequently addeu in this last, the disconcerting element of 
surprise. Whenever the soft parts are wounded, a free dis- 
charge of blood, even to a dangerous amount, is not an un- 
looked for occurrence ; but secondary hemorrhage often gushes 
out, under circumstances least calculated to forewarn. In gun- 
shot wounds, this is especially the case ; the projectile is often 
devious in its course, and it is well known that the line, be- 
tween entrance and exit, does not always represent the true 
track of the ball. Cases have not been wanting to illustrate 
this among our own troops. The situation of the wound, and 
the apparent course of the ball, may ha^ve suggested no suspi- 
cion that any important vessel had been approached, and yet 
an outburst of secondary hemorrhage in some cases, or the 
sudden formation of traumatic aneurism in others, even when 
the wound had nearly healed, may unexpectedly reveal the 
fact, that an artery of the largest size is involved. To the 
patient, the danger is always imminent; to the surgeon, the 
position is often perplexing. Few of us will deny the asser- 
tion of Legouest, that " secondary hemorrhages are the terror 
of the surgeon, as well as of the patient." 

Even at the present day, much confusion seems to exist as 
to the terms used to indicate the varieties of consecutive he- 
morrhage. An exact nomenclature and a determinate classi- 
fication are greatly needed for the methodical study of the 
subject. With the exception of the term primary hemorrhage, 
all the words used to indicate the differences in the time 
of the Weeding, which is the basis of classification adopted, 
are of the most indefinite and uncertain signification. Thus, 
the term "retarded hemorrhages" has long been in dispute; 
Dupuytren classes them with the primary, whilst others, be- 
fore and since his time, place them among the consecutive 
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effusions. The term u intermediary" is not more fixed in its 
meaning, while those of " secondary " and "consecutive' are 
most unsettled of all ; because mutually convertible, and be- 
cause both of them are constantly applied to a wide range of 
cases illustrating great varieties of conditions. In the mind 
of no one do they establish any very definite time for the 
bleeding. When the terms which are intended to distin- 
guish things are so loosely applied, confusion must neces- 
sarily follow. 

We understand by Consecutive Hemorrhages the entire class 
of sanguineous effusions which appear at a period more or less 
remote from the moment of injury, and which are capable of 
placing in imminent danger the life of the patient. Using 
the term, then, in a general sense, it will embrace all hemor- 
rhages which occur after the period of the 'primary, and, 
among these, secondary hemorrhage will be comprised as the 
most prominent and important variety. We shall recognize 
three others, viz : the retarded, or delayed, the intermediary 
and the indeterminate. The classification when arranged, in 
brief tabular form, will appear thus : 

f 1st. Retarded Hemorrhages. 
n . . TT i 2d. Intermediary Hemorrhages. 

Consecutive Hemorrhages J 3d Secondary' Hemorrhages 

(^ 4th. Indeterminate Hemorrhages. 

We have arranged the above classification for the conveni* 
ence of the Confederate army, preferring it to the unsettled 
and indefinite application of terms now in use — and for the 
following reasons : first, because of its exposition of the actual 
facts of the history of hemorrhage ; second, because such a 
classification will admit of the clear and accurate record of 
cases, and can be soon generally understood throughout the 
army; and, thirdly, because we confidently believe that the 
observation of those who have enjoyed the largest experience 
in the surgery of this war, will accord with our own, and gain 
for it an unhesitating assent. All have felt the inconvenience 
of a deficient classification. 

Retarded Hemorrhages. — When the soft parts have sus- 
tained a severe gun-shot or other contused wound, if a large 
artery has been opened, death, as we have seen, is apt rapidly 
to follow; but when vessels of less considerable size have 
been wounded, especially in gun-shot wounds, the primary 
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hemorrhage soon begins gradually to lessen, and finally ceases 
altogether ; or there may have been only a sudden spirt of 
blood at the moment of injury, succeeded by no further effu- 
sion. Sometimes, this sudden check constitutes the perma- 
nent arrest of the hemorrhage, but most frequently otherwise 
— the effusion, in the case of the larger vessels, almost cer- 
tainly returns in the period of from six to ten hours — and it 
is to this effusion, which cannot properly be called either pri- 
mary or secondary, whether it had been preceded by bleeding 
at the time of wound or not, that the name of " retarded or 
delayed" hemorrhage has been given. In many cases, the 
wound from which the bleeding proceeds had not bled at all 
at the moment of injury. 

The conditions which give rise to delay in hemorrhages 
are : crumpling of the vessels; contusion; fraying of the soft 
parts; fright, syncope and concussion; exposure or contact 
with the air, and consequent rapid formation of clot. All 
these causes of delay are of a nature liable to be overcome by 
that restoration of the nervous system, and of the circulation, 
known under the name of "re-action," when the vessels 
bleed with great vigor, and call for the immediate attention of 
the surgeon. These hemorrhages seldom occur till after the 
patient has been removed from the field, and has been placed 
in the hospital or infirmary. During the engagements around 
Richmond, from the several battle-fields of Seven Pines, Me- 
chanicsville, G-aines' Farm and Malvern Hill, large numbers 
of wounded crowded our "hospitals. Some of the wounds had 
been carefully dressed by the surgeons at the field infirma- 
ries ; others came in to be attended to, for the first time, in the 
general hospital here, often less than five miles from the 
scene of action. The surgeons could not have failed to ob- 
serve the very large number, comparatively, whose wounds 
began to bleed freely after arriving at the hospital. Such was 
the case, at least, to a remarkable extent, at the four Georgia 
hospitals, crowded at that time with the wounded from those 
bloody fields. These were all cases of retarded hemorrhage, 
taking place from eight to ten hours after the receipt of the 
injury. The bleeding in these cases was most probably due 
to the excitement and disturbance of transportation, and to 
the removal from the open air of the field to the closed walls 
of the hospital. Reckoning together the trivial and the se- 
rious effusions of this class, retarded hemorrhages may be 
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considered as by far the most numerous of all the consecutive 
bleedings which attend upon gun-shot wounds. 

Intermediary //> morrhages. — We cannot say to whom the 
profession is indebted for the term " intermediary hemor- 
rhage." It is of rather recent date in surgical language, and 
as yet, seems to have acquired no very determinate signifi- 
cance; thus Legouest (Traitc de Cliirurgie d' Armee, 1863,) 
defines intermediary hemorrhages as " those appearing sud- 
denly tolerably long (assez long temps) after the injury, with- 
out being preceded by any other hemorrhage," and is dis- 
posed to agree with Dupuytren and class them with the 
primary hemorrhages. Mr. Ferguson, referring to them as 
they occur in civil practice, defines them as " those bleedings 
which take place in the period between the first dressing of 
the wound at the conclusion of an operation and the coming 
on of inflammatory action, and which occur in the first eight 
hours afterwards," thus confounding them with retarded 
hemorrhages. Our purposes of classification require us to 
give the term a more certain and exact meaning, which shall 
connect this class of bleedings with a definite time, and with 
a set of circumstances and conditions, if not peculiar to them, 
at least very generally attendant upon them. ^ 

In order to comprehend these circumstances ana condi- 
tions, it is ouly necessary to recount a few of the facts which 
make up the history of the first four or five days of the in- 
flammation consequent upon a gun-shot wound in which an 
artery of considerable size is involved. At first, there is 
bleeding ; then the formation of a clot, under the influence 
of retraction and contraction of the vessel and other tissues, 
aided by syncope ; shortly after, the processes of congestion 
and inflammation begin; and finally, as these progress to the 
point when the swelling has attained its height, which is gen- 
erally about from the third to the fifth day, the pressure 
exerted upon the vessel, and the accelerated condition and 
tumescence of the circulation, cause disturbance of the clot 
located in the mouth of the vesssel ; — it is forced away — when 
a sudden, and sometimes dangerous, hemorrhage takes place. 
This occurs just in the midst of that period of the inflamma- 
tory process in which the tissues are most sensitive and least 
favorable for any operative procedure — a fact which renders 
these hemorrhages more embarrassing to the surgeon than 
either the primary, the retarded, or even the secondary cases. 
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Secondary Hemorrhages. — Secondary hemorrhage is a 
bleeding not only occurring at a particular period and in a 
particular order, as the name justly implies, but it is one at- 
tended by a peculiar set of circumstances, conditions and 
causes which even more fully distinguish it from all other 
forms than either of these, and which, when properly con- 
sidered, must be seen to exert a most important and instruc- 
tive influence over the history, the treatment and the progno- 
sis of the accident; over its history, as shown in the neaily 
uniform period at which the bleeding occurs, and also the 
much greater liability to dangerous complications in this form 
than in the others ; over its treatment, because the feeble con- 
dition of the patient and the often tumid and inflamed state 
of the parts to be operated on introduce important considera- 
tions of practice, both operative and medical; and lastly, 
these attendants of secondary hemorrhage exert an important 
influence over the jwognosis, either for or against the patient, 
because, as will be seen, the observation and experience of 
the present war have shown that though on the one hand 
there are often fever, inflammation and great turgescence to 
contend with, yet the very existence of these condj^jons, for 
so considerable a time, may be regarded as promotive of a 
favoraHfe issue in the case of ligation, by the previous grad- 
ual establishment of the collateral circulation so necessary to 
success. In this place it may be stated that the operation 
itself has been found, under the above circumstances, a valu- 
able means of relief, by moderating and controlling this in- 
flammation, effectually restricting it within the bounds of a 
safe and healthy activity. Marked illustrations of these 
results may be adduced in the proper connection. 

Although doubtless sometimes it may happen, in accord- 
ance with the statement of M. Legouest, that secondary he- 
morrhage is the result of a subsidence of the tumefaction 
surrounding the arterial lesion, the disturbance of parts re- 
moving the clot, this is by no means the rule applicable to 
the gun-shot wounds of large arteries, as observed in our own 
military hospitals. Indeed, a decidedly contrary condition of 
the tissues seemed to prevail, in most of the cases requiring 
ligation. The inflammation, so far from receding — "the parts 
shrinking and recovering themselves " — was, in nearly all in- 
stances, rapidly advancing, and, in some, had reached what 
appeared to be the utmost limit of intensity, consistent with 
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structural organization, at the time the hemorrhage took place. 
How far this difference, in the stages and character of the 
inflammation, may be due to the difference in climate and 
circumstances, and the latter-day ingenuity displayed in the 
projectiles producing many of our wounds, it would be diffi- 
cult to estimate, but doubtless all these combine to render 
many features in the surgery of the present prolonged, gigan- 
tic and unprecedented struggle, widely aberrant from any rules 
deducible from the brief campaigns of European wars. Our 
men have been now, over two years under the privations and 
exposure of the field, and though veterans iu morale, and 
heroes in valor and endurance, still that peculiar trait of the 
soldier's physique, which, for want of a better name, we hope 
to be understood in calling " the scorbutic constitution," has 
been deeply impressed upon them. For however stalwart and 
active the soldier may appear, the inflammation from the 
Minnie-ball wound defies all comparison with familiar prece- 
dents, shows little or no tendency to resolution, and a strong 
proclivity, to septic termination — the entire course of its sad 
history being painfully diversified by strange episodes of irreg- 
ular and unexpected occurrences. 

Indeterminate Hemorrhages. — In the foregoing'paragraphs 
it has been seen, how and at what period the various forms 
of consecutive hemorrhages are occasioned; thus retarded he- 
morrhage more frequently comes in within from five to twelve 
hours after the receipt of the wound, and simultaneous with 
re-action or recovery from the general or local shock ; — inter- 
mediary, within from three to five days, with the dislodgment 
of the occluding clot and the increased circulation, conse- 
quent upon advancing Inflammation and tumefaction ; — while 
secondary takes place from the eighth to the fifteenth day, 
according to the artery wounded, and is occasioned, either by 
the separation of a slough opening into the calibre of a vessel 
previously injured, or by softening of the fibrinous adhesion 
in the mouth, or by the giving way of the walls of a traumatic 
aneurism. But there are still other cases of hemorrhage which 
admit of classification with none of these, and which are aber- 
rant, both from the uncertainty attending the periods at which 
the bleeding occurs, and the variety of causes giving rise to 
it. These can only be classed under a common head, " inde- 
terminate hemorrhages" by their one common feature, their 
irregularity, both as to the time of their occurrence and the 
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manner of their production. The bleeding usually takes place, 
in gun-shot wounds, at a late period, when the danger of con- 
secutive hemorrhage is supposed to have passed — in twenty, 
thirty or forty days, or indeed at any time during the ad- 
vanced stages of a severe wound. The causes, as has been 
said, are various. Most frequently from attrition of the artery 
by Qontract with spiculae of bone, or from ulceration of the 
arterial tunics, or even from the advancement of mortification; 
though this last seldom gives rise to hemorrhage. Cases of un- 
determinate hemorrhage seldom admit of ligation at the scat 
of lesion, as their occurrence always involves such a condition 
of the surrounding parts, as to preclude operative procedure, 
unless at a considerable distance above. 

In concluding this portion of the subject, we deem it of 
sufficient practical interest to present the experience of our 
own surgeons, as exemplified in. the hospital reports sent to 
the Surgeon-General. The preceding tabular view of cases of 
consecutive hemorrhage, we have arranged out of the valuable 
materials found in the office of the Inspector of Hospitals. 

The foregoing cases resulted principally from the fields of 
Chancellorsville and Gettysburg, the record being begun after 
the removal of the patients to the General Hospital. Hence 
no cases of retarded hemorrhage appear among them. These 
occur, as has been seen, more frequently either on the battle- 
field, or at the field infirmaries, and within a certain number 
of hours after the injury. The periods in the above tabic 
range, as will be seen, from three to thirty-five days, and 
among the cases will be found examples of each of the other 
varieties of consecutive hemorrhage. The largest proportion 
may be classed as secondary ; some few intermediary ; while 
cases 6, 7, 12, 14, 19, 23 and 29 all more properly come under 
the head of indeterminate hemorrhage, as the long period 
elapsed, between the receipt of the wound and the effusion, 
indicates plainly that other causes, besides those which occa- 
sion secondary bleeding, were at work in its production. 

Treatment of Hemorrhage. — We have several times re- 
ferred to the natural jn-ocesscs by which hemorrhage is a% 
rested. • These arc syncope, general and local shock, the 
retraction and contraction of the arterial tunics, the gradual 
formation of a clot, and the final union of the ed^es of the 
wound as in the lesion of other parts. By one or other of these 
means, or by several combined, arteries of considerable size 
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sometimes heal permanently. Such occurrences, however, 
serve rather as rare accidents for the consideration of the stu- 
dent; but are seldom to be depended on by the surgeon; 
certainly never unless under the strictest watching and com- 
pletest preparedness, in case it should be required to adopt 
more efficient haemostatic measures. 

The means^of arresting hemorrhage are of two kinds : the 
temporary or provisional, and the permanent or operative. 
The provisional means consist in all those agents and appliances 
which the surgeon may command on his first introduction to 
the case, and are intended to prevent the exhaustion of the 
patient during the time necessary either, to remove him from 
the field or to prepare for an operation. These means are few 
and simple in the hands of a good surgeon. Pressure on the 
main arterial trunk of the limb, under some form or other, is 
the principal, most reliable, and, when practicable, the first to 
Li applied, of all these means. Position or the elevation of 
the wounded part (in case of one of the extremities), local 
styptics, the application of cold, by ice or cold water, making 
access for cold air to the part, and the administration of seda- 
tives, arc all valuable adjuncts in certain cases, never forgotten 
by the thoughtful practitioner. 

Pressure is made either by the hand or by the application 
of the tourniquet, over the course of the main artery at some 
convenient point above the wound. The object is to flatten 
the vessel, and, for the time, to obliterate its calibre. If pos- 
sible, such a direction should be given to the force as to com- 
pass the vessel between the fingers and the bone — as in the 
upper extremity ; the brachial artery, (see Plate 1, Fig. 1, 
Arteries,) the point selected, is where the vessel is in close re- 
lation with the humerus. A moderate degree of pressure 
with the fiagers and thumb will, if judiciously applied, effec- 
tually arrest the circulation for the time. When the seat of 
the wound will not admit of pressure being made against the 
humerus, the subclavian artery may be compressed with the 
thumb, just within the clavicle as it passes, rather deeply, over 
the first rib. The ring of a large key, wrapped with a piece 
of roller, is often conveniently used for this purpose. 

In hemorrhages from the lower extremity, the pressure may 
be applied to the fermoral artery at the brim of the, pel, is 
where that vessel passes over the pubic bone. In wounds be- 
low the knee, if the patient is not too fleshy, it may be 
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applied in the popliteal region. Pressure with the hand cau 
he applied to all the superficial vessels, as the facial, where it 
ascends over the inferior maxilla, the temporal and occipital 
upon the cranium, the primitive carotid upon the transverse 
processes of the cervical vertibne, and recently even the ab- 
dominal aorta has been effectually flattened against the bodies 
of the lumbar vertebrae, to delay the fatal issue in a wound 
of one of the illiac arteries. 

A very effectual mode of applying pressure with the fin- 
gers is often apparently forgotten or omitted by the surgeon, 
perhaps from a species of timidity, viz : pressure dirccth/ 
upon the bleeding orifice, by passing the finger into the wound, 
down to the artery. When applied in this way, very little 
force is required ; it causes little or no fatigue to the surgeon, 
and, of all methods, is the one most certain to control the 
bleeding. 

Pressure with the tourniquet is less fatiguing and more 
trustworthy than with the fingers. A good many modifi- 
cations of the instrument have been suggested, some of them 
admirably adapted to certain specific purposes for which they 
were devised ; we prefer, however, for the temporary arrest 
of hemorrhage, from wounds of the extremities, the ordinary 
tourniquet of Petit, (Plate 1, Fig. 2, Arteries,) with perhaps 
a somewhat larger pad than that in ordinary use. Though 
one of the oldest forms of the instrument, it is more readily 
applied, occupies less space, maintains its place on the vessel 
better, and is more reliable than any of its more modern com- 
petitors. As in pressure with the fingers, the pad of the tqjir- 
niquet should be adjusted, if possible, so as to compress the 
trunk of the main vessel against the bone (Plate 1, Fig. 3, 
Arteries,) ; but, with a pad of sufficient size, it may be effec- 
tually applied at any portion of the limb which can be encir- 
cled by the band of the instrument. Care should be taken 
to have no greater constriction than necessary to arrest the 
circulation in the main trunk, and to keep up the application 
no longer than actually necessary, for fear of increasing the 
tendency to gangrene thereby, after the ligation of the ar- 
tery. As a substitute for the regular tourniquet, every one 
is familiar with the use of the handkerchief, either smooth or 
with a knot, and made tight by twisting with a stick, bayonet 
or ramrod passed between it and the limb. This is a valuable 
extemporaneous means of compression. 



, 
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Local Styptics. — These, though here classed among the 
temporary means of arresting hemorrhage, often serve the 
purpose of permanent measures, and obviate the neces- 
sity of an operation. They act both by changing the con- 
dition of the blood in the mouth of the arterial wound, 
and by stimulating retraction and contraction of the vessel 
when completely divided. The most powerful agents of this 
class are found among the preparations of iron, especially the 
persulphate and perchlorlde. They contract all the tissues 
about the surface of the wound, close the mouths of all the 
small vessels, and change the fluid blood into a firm, dense 
clot, which often plugs up completely an opening of consider- 
able size in vessels of even large calibre. The persulphate of 
iron may be applied in solution, of a strength varying from 
ten to sixty grains to the ounce of water. Pledgets of lint, 
saturated with the fluid, may be stuffed into a deep wound ; 
or laid upon the surface, when the source of the effusion is 
superficial. An objection made to its application, in certain 
cases, is that it prevents union by first intention. The sul- 
phates of zinc and alumina are older remedies, which possess 
much inferior power to the above, but are similar in their 
mode of operation. Ice, creosote, tannin, and a variety of 
valuable agents of secondary power,' so often applied in civil 
practice, and attainable in the hospitals, cannot be relied on 
for field practice, and are, therefore, out of the question, ex- 
cept under rare circumstances. 

Admission of Air. — Too little value, ordinarily, is attached 
to the admission of air into the wound in a bleeding vessel. 
Vessels of a moderate size, as the anterior tibial, the radial, 
or the ulnar, often bleed most obstinately, till the wound in 
the soft parts has been widely opened, the clots turned out, 
and the cold air admitted — when the hemorrhage is apt to 
cease immediately. In wounds of the mouth, the hemorrhage 
is often alarming— sometimes the extraction of a tooth pro- 
duces exhausting discharges of blood. In these cases, the 
removal of the clot, and the direction, to keep the mouth open, 
often arrests the hemorrhage without further efforts from the 
surgeon. 

In penetrating wounds of the chest, where the lung is 
wounded and bleeding, the patulous condition of the external 
wound may be considered favorable to the arrest of the he- 
morrhage ; it affords exit to the confined blood, and at each 
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effort at inspiration air enters the cavity of the pleura; on 
its first introduction the air is cold and acts as a local styptic x 
but, as with each inspiration the quantity increases, and also 
expands from the warmth of the cavity, the wounded lung is 
subjected to an equal and powerful compression, as by a tight 
and evenly applied bandage, is made to retire up to its bron- 
chial and vesciilar attachments near the spinal column — it can 
no longer dilate to receive the laryngeal current, its circula- 
tion is consequently greatly diminished, it obtains, or is com- 
pelled into, that "rest" which " is the condition of recovery." 
The hemorrhage ceases, the external wound closes, and by a 
gradual process, whether of absorption or otherwise, the pleu- ( 
ral enphysema is removed. But, in the meantime, the wound 
in the lung has firmly cicatrized, and, in gradually resuming 
its functions, all danger of hemorrhage has passed away. 
Such has been the result of our observation of chest-wounds 
of the kind referred to above during the present war. Men 
are frequently brought to the hospitals with these penetrating 
wounds of the chest. They are suffering from dyspnoea; per- 
cussion shows extensive pleural emphysema ; auscultation de- 
tects no respiratory murmur anywhere on that side — the lung 
is evidently compressed. • Many of these cases have been left 
on the field all night without the attention of any surgeon, 
and most of them recover under treatment in the hospitals. 
Reflection, in such cases, would lead to the precept : to leave 
the chest-wound open for a considerable time, and so far from 
dreading and preventing the entrance of air into the pleura, 
to favor it on account of its haemostatic effect. Compression of 
one lung produced in a gradual manner, seldom destroys life ; 
hemorrhage often does. 

Constitutional Haemostatics. — Reputed remedies of this class 
are quite numerous ; many of them are supposed to have con- 
siderable power, but have gained their reputation in arresting 
sanguineous discharges of a very different nature from the hem- 
orrhages resulting from lesion of large vessels, with which the 
military surgeon has to deal. They are applicable rather to 
the accidents of the hemorrhagic diathesis than to traumatic 
effusions.' The largest class of them therefore are tonics and 
astringents; as the preparations of iron, zinc and lead. Ergot 
is supposed to be possessed of some virtue, though its action 
is not at present well understood. The class of sedatives are 
much more answerable to the purposes of the surgeon. It is 
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but rarely that the sedation produced by nauseants such a* 
antimony and ipecac, can be of judicious application in a case 
of profuse traumatic hemorrhage threatening a fatal termina- 
tion. Such remedies depress the vital powers too decidedly, 
and yet often fail to arrest the sangilineous flow. Antimonial 
preparations are often injurious, if long continued, by their 
disorganizing effects upon the blood. 

Venesection. — Equally unphilosophical and more injurious, 
in our opinion, than even the use of the last class of seda- 
tives, is the time-honored absurdity of venesection. It comes 
to us embalmed in the dicta of " the highest authority," and 
consecrated by the owlish wisdom of " the ancients," and, 
until recently, the precept has met with submissive and un- 
questioning acquiescence. We are gratified to find that, in all 
the cases of arterial hemorrhage collected in the office of the 
inspector, not one is reported wherein the expedient was prac- 
tised by a surgeon of the Confederate States. The measure is 
one which has doubtless been transferred from civil practice, 
where it has been found of the greatest value, but in a very- 
different kind of hemorrhage from that to which some mili- 
tary surgeons have sought to apply it. It is the great re- 
liance — the sheet-anchor — in the spontaneous hemorrhages 
resulting from general plethora or local visceral engorgements. 
For these, too much cannot be said in its praise. But for trau- 
matic pulmonary hemorrhage, the measure appears to us, not 
only hazardous, but actually injurious. All the circumstances 
are different — the cause of the bleeding entirely dissimilar — 
and hence the result of the remedy is, doubtless, often fatally, 
adverse to the ill-founded expectation on which it was ap- 
plied. Exotics, however vigorous, seldom continue to thrive. 
So have we found that the traditions of civil practice, how- 
ever reliable, will not always answer as principles of military 
surgery. * ... 

Op'ium.—&o far, we have seen that all the constitutional 
hemostatics are either unattainable to the field surgeon, or, if 
applicable, of feeble power and totally unreliable in cases ot 
serious hemorrhage. Most happily, there is a single blessed 
exception. Opium is the one indispensable drug on the battle- 
field—important to the surgeon, as gunpowder to the ordnance 
officer— for besides the ages of pain for which it is the re- 
prieve as an anodyne, it saves rivers of blood as a hemostatic. 
The value of the remedy may depend somewhat on the pre* 
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paration used. The tincture or the gum itself seems prefer- 
able to any of its salts. The preparations of morphia relieve 
pain more quickly, but are more certainly and more rapidly 
succeeded by the stage of depression incident to some consti- 
tutions. They, also, seem to possess less power than laudanum 
in quieting the arterial excitement in the manner that arrests 
hemorrhage. For the object under consideration, the mode 
of administration most convenient is in doses of from twenty 
to sixty drops, repeated at intervals of from two to six hours, 
having reference always to the urgency of the symptoms and 
the constitutional peculiarities and habits of the patient. At 
the field infirmaries, where many wounded are crowding upon 
the medical officers, a decided dose of opium, or one of its 
preparations, may be safely administered m all the more se- 
verely wounded. All of these require the remedy for the 
relief of pain ; in some of them, with undetected arterial 
lesions, impending hemorrhages will be delayed, till time 
shall be allowed for thorough examination of each particular 
case. We have found the remedy valuable in cases of dif- 
fused traumatic aneurism, whether bleeding had yet occurred 
or not. These cases arrive at the General Hospital often in 
the night ; the administration of a full dose of lauaanum 
lessens greatly the risk of that tempting, and indeed warrant- 
able, delay till morning, which all good surgeons practice 
whenever admissible.* 

Quinine. — To some, the suggestion of quinine, as one of 
the adjuncts in the treatment of hemorrhage, will appear a 
most extraordinary proposition. Not so to those who have 
carefully noted the progress of many cases. Consecutive 
hemorrhage does not always — indeed seldom — bursts out in 
such a manner as to destroy the life of the patient at the 
first or at any single bleeding. There is generally a premoni- 
tory period marked by interrupted discharges, of more or less 
profuseness, which forehadow the serious or fatal bleeding. 
The prudent surgeon, of course, in case the artery involved is 
a large one, needs no further warning, but promptly performs 



* Veratrum Viride.— We have been surprised at not finding among 
the reports in the office of the Surgeon-General, some experience 
in the use of this valuable sedative, as applied to arterial hemor- 
rhage. Careful experiments with this powerful agent may prove 
fruitful of good practical results. J v 
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ligation to prevent unnecessary exhaustion. It is in the case 
of smaller vessels, in which the danger is not imminent, and 
where there is hope of avoiding an operation, that it is im- 
portant to consider the value of every remedy and the grounds 
for its application. 

The febrile excitement, which attends upon the early stages 
of a gun-shot wound, is generally of the paroxysmal form, 
and it is during these paroxysms of arterial agitation that the 
bleeding is most apt to take place. In the cases above de- 
scribed, the use of quinine, in antiperiodic doses, during the 
intermissions, is a valuable adjunct to more specific treatment. 

Operative Treatment of Hemorrhage. — " The great 
principles of surgery to be observed," says Mr. Guthrie, u in 
cases of wounded arteries, and which ought never to be ab- 
sent from the mind of the surgeon, are two in number : 

u 1st. That no operation ought to be performed on a wounded 
artery unless it bleed. 

"2d. That no operation is to be done for a wounded artery, 
in the first instance, but at the spot injured, unless such 
operation not only appears to be, but is, impracticable." 

I. The propriety of a rigid adherence, in nearly every case, 
to the first of these rules is obvious. We have seen that the 
natural processes for the arrest of hemorrhage are so often 
reliable that, they may be depended on until the bleeding 

Ictually occurs. The nature of the arterial lesion in gun-shot 
rounds is such as greatly to favor the occurrence of a spon- 
aneous arrest. The wound is often both contused and lace- 
rated, the general and local shock deters re-action, and the 
formation 01 a firm clot, with subsequent adhesion of the arte- 
rial tunics, where the division is complete, is by no means an 
unreasonable hope, even in case of the largest trunks, as the 
axillary and the femoral. No case of even suspected arterial 
lesion, notwithstanding all this, should ever pass from under 
the immediate care of the surgeon, without the most particu- 
lar instructions to intelligent attendants, as to the momentary 
danger of hemorrhage and the most efficient method of ap- 
plying the means for its temporary suppression. The patient 
himself should also be calmly informed of his danger, in order 
that he may avoid unnecessary muscular efforts and be prompt 
in calling assistance at the first moment of the bleeding. It^ 
must be remembered that, to produce hemorrhage, it is not 
always necessary that the artery shall be opened, aud also 
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that the necessity for close watching does not cease with the 
expiration of a few hours, or a few days ; for the slightest 
brush by a passing ball against an arterial trunk is apt to lay 
the foundation of consecutive hemorrhage, by the subsequent 
falling away of a slough from the wall of the vessel. Expe- 
rience has shown that the period of bleedings from this cause 
is generally from ten to fifteen days, though care may be re- 
commended for a much longer time. 

II. The principle upon which the successful ligation of 
arteries is based depends upon the existence of collateral 
vessels, capable of sufficient enlargement to sustain the nu- 
trition of the parts beyond the point at which the ligature 
is applied The arteries and their branches seem to enter 
into combinations with each other at every possible oppor- 
tunity; every artery of the trunk, except some in the viscera, 
anastomoses with its fellow; every artery anastomoses with 
the vessel immediately above and below it, and every artery 
anastomoses with itself by a chain of communications estab- 
lished between its branches. It is this intercommunication 
of arteries, more abundant in some situations than in others, 
that is known under the name of the collateral circulation. 

While this free communication of arterial branches is the 
very foundation of ultimate success in all operations inter- 
rupting the blood-currents in the main trunk, it has yet been 
found, when too direct or too abundant, seriously to interfera 
with the attainment of the proposed end, in ligations for tfl 
arrest of hemorrhage. This failure to arrest the hemorrhage 
by ligation, between the wound -and the heart, is caused by 
what is known as the recurrent circulation — the blood passing 
through the capillaries of the collateral vessels into the lower 
portion of the main trunk, and being poured out at the wound 
from the lower end of the divided artery. Indeed so con- 
stantly does this abundance of collateral circulation exist, and 
so frequently has it been found to give rise to the refluent 
hemorrhage just referred to, that Mr. Guthrie's second pro- 
position, that "no operation is to be done for a wounded 
artery hut at the spot injured," has become the acknowledged 
rule of action, in all cases of traumatic hemorrhage. Anel, 
and more particularly Mr. Hunter, had practised ligation in 
the continuity of the vessel above, successfully for the cure of 
aneurism, and surgeons, up to the time of Mr. Guthrie had 
practised the same method, with a varying and uncertain sue- 
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cess, in cases of hemorrhage. Since the publication of Mr. 
Guthrie's views, it has been seen that the Hunterian opera- 
tion, so successful in the treatment of aneurism, is, in the 
majority of instances, unsafe and inapplicable to traumatic 
hemorrhage, on account of the great liability that exists, espe- 
cially in the upper extremity, to the recurrence of hemorrhage 
from the wound by the lower end of the divided artery. His 
views are thus stated : 

" Whenever the collateral vessels are not capable of carrying 
on the circulation of the limb, mortification or death of the 
part ensues ; and whenever this collateral circulation is suffi- 
cient to maintain the life of the limb, blood must pass into 
the artery below the wound, and must, as a general rule, pass 
up and out through the lower end of the divided artery, unless 
prevented by the application of a ligature, or by some acci- 
dental circumstance forcing an exception to the rule, but not 
the rule itself. 

"The cause of difference in the success of the Huntsman 
operation in aneurism and in the case of arterial lesion is, 
that in the one case, the sac receives and retains the blood 
brought into it by the collateral circulation, while, in the 
other, there is no aneurismal sac to receive and retain it, and 
the patient bleeds, perhaps, to death, unless surgery comes to 
his assistance. 

"The absence, then, of the aneurismal sac renders the ap- 
plication of two ligatures absolutely necessary ; one on each 
cud of the divided artery, or one above and one below the 
wound, if the artery should not be divided. This is the 
principal point to be attended to in the treatment of wounded 
arteries." 

Such, briefly stated, are Mr. Guthrie's views on the most 
important points of interest connected with arterial hemor- 
rhage. They are worthy to command from all, jinlimited con- 
fidence, and have, indeed, already become, as has been said, 
the cardinal principles of practice for military surgeons, every 
where. It has been seen, however, that the occasional suc- 
cess of the Hunterian operation for hemorrhage, which he 
regards as due to " some accidental circumstance," is rather 
the result of wcll-ascertaiued anatomical facts, viz : the greater 
or less adundance of the collateral circulatien, and to the 
situation of the wound along the course of the arterial trunk. 
This is a circumstance worthy to be taken into account in de- 



102 ON THE ARTERIES. 

tcrmiuing upon the course to be pursued in cases either of 
unusual difficulty, or where, for some important object inde- 
pendent of such embarrassment, the surgeon may desire to 
adopt the plan of Hunter in preference to this. One of the 
most desirable, and, at the same time, most difficult, of these 
objects is to save a limb, as the superior or inferior extremity, 
in case of fracture of the bone, complicated with consecutive 
hemorrhage. 

We have already intimated that, singular combinations of 
circumstances repeat themselves often, in every battle! This, 
however, can scarcely be considered a singular one. A ball 
cannot well fracture the femur, for instance, in certain por- 
tions of its diaphysis without endangering the femoral artery. 
How often do we see our hopes of a promising case of frac- 
ture of the thigh, dashed by the sudden occurrence of either 
a secondary or indeterminate hemorrhage. In such a case, 
no necessity more to be regretted could arise, than that of 
being compelled to make the deep incisions, and enter into 
the tedious search among the inflamed and tender soft parts 
necessary to find and secure the bleeding vessel at the seat of 
injury; converting our comparatively simple case into one of 
additional, and most serious complications — all pertaining to 
the immediate seat of the fracture. Here we remember that, 
according to rule, and not by accident, lai'ge arteries, when 
wounded high up, are not quite so subject to recurrent he- 
morrhage as when wounded near the extremity of the vessel ; 
because the collateral communications, though sufficient for 
the purposes of nutrition, are not in such abundance as to 
produce hemorrhage by the recurrent circulation. The Hun- 
terian operation then may be legitimately performed some- 
where below the profunda, and the patient saved the greater 
evil of being operated on in the tissues about the fracture, 
or what, in our opinion, would be less objectionable, ampu- 
tation. 

Hunterian Ligation to Prevent Destructive Inflamma- 
tion. — After the battle of Seven Pines, May 31st, 18G2, 
many of the wounded in the General Hospital at this place 
suffered from the most violent and uncontrollable inflamma- 
tion. The inflammation from gun-shot wounds for sufficient 
causes, viz : th<» shock or jar to all the tissues, especially the 
nerves and blood vessels of the part, is apt to be more intense 
than in other wounds of the same parts. Wounds of both the 
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upper and lower extremities resisted all ordinary measures of 
treatment. Suppuration in many had ceased, and, in its place, 
a bloody water was discharged from the openings and abra- 
sions. The swelling in these cases was immense. 

Six of the above cases,* under our observation, were the 
subjects of arterial lesion. The arteries wounded in the lower 
extremity of three of these cases were, severally : in one, the 
peroneal, close to its origin ; in the other two, the anterior 
tibial, near the middle of the leg. Profuse secoudary hemor- 
rhage occurred in all these cases, (see table, page 91, cases 
30, 32 and 33,) respectively, on the 14th, 12th and 10th day. 
Ligation was determined on. The extreme swelling and in- 
flammation of the limb, extending even above the knee in 
all, and in one, No. 30, marked by large patches of incipient 
gangrene on the foot, presented great embarrassments to the 
operation at the seat of lesion. It was not the difficulties, 
however, which caused Mr. Hunter's operation to be preferred 
in all of these cases to Mr. Guthrie's, notwithstanding the risk 
of recurrent hemorrhage. There was a desirable incidental 
benefit hoped to be attained, which was of even deeper inte- 
rest, if possible, than the arrest of the hemorrhage. The 
idea pursued in departing from the rule was no less than the 
experimental effort to cure the inflammation in the limb by 
tutting off its arterial supply, by ligation of the main trunk 
which supported that inflammation. The femoral artery was 
tied in each case near the apex of Scarpa's triangle. The 
hemorrhage ceased immediately in all three of the cases, the 
swelling began to decline within twelve hours, and, in three 
or four days, the limbs were reduced to very nearly their 
natural size, the discharge having changed from the bloody 
water, to healthy pus. 

Remits. — Case 30 recovered slowly, on account of the 
sloughing out of the patches of gangrene, which had shown 
themselves previous to the ligation. These surfaces granulated 
healthily and cicatrized firmly. The suppuration was profuse 
and long continued. 

In case 33, the result was most satisfactory and complete ; 
the swelling had disappeared in three days — the appearance 
of the wound wonderfully improved — the discharge became 

* See reports of 1st, 2d and 4th Georgia Hospitals in office of 
the Surgeon General — Ligation of arteries. 
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healthy, and the subsequent progress of the case rapid and 
favorable, ending in entire recovery. 

In case 32 it was discovered, after the complete subsidence 
of the swelling, that the fibula was broken. Still the case 
progressed well. The inflammation was entirely subdued. On 
the tenth day after the ligation, recurrent hemorrhage super- 
vened, causing great infiltration below the knee and in the 
popliteal space and rupture of the nearly cicatrized gun-shot 
wounds. This patient was greatly exhausted and was not 
thought to be able to bear the ligation of the peroneal artery. 
Amputation above the knee was determined on. Only one 
artery, superficial and of small size, required tying in the 
stump. It is worthy of remark, that the stump healed* by the 
first intention — a most unusual result of a secondary amputa- 
tion. It is not unfair to presume that the previous ligation 
favored this rapid recovery of the stump. 

In the three cases of arterial lesion in the superior ex- 
tremity, in which ligation of the main trunk in its continuity 
was preferred, in order to subdue inflammation, the arteries 
wounded, respectively, were the brachial, near elbow, in one, 
and the radial, in both the others. The inflammation was 
greatly modified, though not in so marked a manner — except 
in one of them — as in those of the lower extremities. The 
patients all recovered • and in two of them, recurrent he- 
morrhage took place, but was controlled without resorting to 
further ligation. In the exception mentioned, no recurrent 
hemorrhage occurred, and the inflammation seemed to be 
completely strangulated throughout the hand and forearm by 
the ligation of the brachial artery.* 



* As the subject has only a relative bearing on the main object 
of the present paper, attention is called, only in a note, to the above 
practiee of ligation to subdue or control inflammatory action. We 
believe that the cases of Privates C. A. Reid and Drury B. Early, 
(see table, page 91, cases 31 and 33,) ligation in the one, June 5th, 
in the other, June 11th, 1862, are the first cases on record in which 
this measure was adopted with reference to the proposed result. In 
all of the six cases, the Hunterian operation was chosen with the 
distinct end in view of combatting and checking, if possible, the destructive 
progress and, in some, the septic tendency of the inflammation. In all of 
these, the pain, the swelling and tumescence were almost imme- 
diately relieved, and the most remarkable change was soon pre- 
sented, as seen in the character of the discharges. 

Surgeon A. C. Thorn, of the Confederate States Armv. has kindlv 
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It will be observed that, in the above six eases, in which 
the rule of Mr. Guthrie was departed from, recurrent hemor- 
rhage took place in three of them, but only in one, in such 
degree as to require an operation. The advantages gained in 
departing from the established rule would be more apparent 
from a detail of the cases than in the above very condensed 
notes. The cases are referred to more in illustration of the 
circumstances in which departure from the rule may be con- 
sidered justifiable, than with any view of advocating the Hun- 
terian practice in opposition to the more reliable one of Mr. 
Guthrie. 

And lastly ; though there are doubtless many other con- 
siderations which may justify the ligation of an artery in 
its continuity in the treatment of hemorrhage, we will refer 
to but one more : For instance, suppose a patient in a state 
of extreme exhaustion, whether from hemorrhage or other 
causes : — Consecutive hemorrhage in some inaccessible artery, 
for instance, as the peroneal or posterior tibial high up, oc- 
curring in a patient of this kind, especially if complicated 
with great tumefaction and consequent change in the his- 
tology of the parts, would present a case, even for the most 
practised operator, of unavoidable delay. A prolonged and 
trying — we had almost said a blind — search among clots 
and fibrinous masses and condensed infiltrated tissues, every 
one who has tried it knows full well, is sometimes the only 
route to the open mouth of the bleeding vessel in such 
cases. This greatly exhausts the strength of the patient, and 
lessens — indeed destroys — his chance of life. Under" such 
circumstances, the Hunterian operation would be preferable, 
especially in a wound of the lower extremity. In the first 

furnished us notes of a case, in which he subsequently practised 
Hunterian ligation of the femoral, and in which the same beneficial 
results were exhibited in the most marked degree— "the inflamma- 
tion relieved, as by magic." 

The application of the ligature, in cases of elephatiasis and for 
malignant diseases of the face, does not, it appears to us, interfere 
with any originality which the .principle here practised may possess. 
The P relent operations, besides being applied with an entirely "dif- 
ferent object,fully answered the proposed end, while the others 
Sd not We feel confident, that this practice will become one of 
frequent application in the treatment of otherwise unmanageable 
inflammation, under a variety of circum 8 tance 8 authorizing its 
adoption. _,,. 
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place, it arrests the hemorrhage for the time being at least, 
aud affords a chance of even permanent arrest; and secondly, 
by cutting off the main stream from the support of the inflam- 
mation and general turgescence, the condition of the limb 
may be so improved that, in case the recurrent hemorrhage 
should return, a less embarrassing state of things will attend 
this more desirable operation. The adoption of the one opera- 
tion gives a chance for life; we think we have seen the adop- 
tion of the other, under just such circumstances, take it away. 

The' Ligation of Arteries. — Under this head, we shall 
consider those operations necessary to the exposing of an artery 
in its continuity, its isolation from surrounding parts, and the 
arrest of the circulation through it by the application of a 
ligature. We shall also describe the application of ligatures 
to arteries in gun-shot wounds aud aneurism, presenting such 
guides as are at present recognized in this more difficult sur- 
gical procedure. That whole class of ligations which are 
necessary during the course of amputations, -resections, and 
other operations, together with those required to arrest con- 
secutive hemorrhage, sometimes attendant upon them, have 
received no particular attention anywhere in the present chap- 
ter, as their consideration comes more properly under the head 
of those several operations, or of the accidents incident to them. 
All that is necessary on these subjects will be found under 
Amputations, Resections, and the Diseases of Stumps. 

No class of operations have received more particular atten- 
tion, or have the advantage of more definite rules for every 
step in their procedure, than those required in the ligation 
of arteries. They are thought more to resemble the lessons 
of the dissecting-room, than any other class of operations on 
the living subject; and certain it is, that their previous re- 
hearsal on the dead will often save much mangling and pain 
to the living. 

General Rules for Ligation of Arteries.— Lisfranc 
Malgaigne, and a variety of French writers, furnish valuable 
definite rules for operations upon the arteries, which in one 
form or another, constitute the basis of the directions to be 
found in all works on operative surgery. Though the arterial 
walls have been more elaborately studied by the histolo-ist 
for all the practical purposes of the surgeon, it is onlv neces- 
sary to recollect that, they consist of three coats; the internal 
known as the serous, the middle or musculo-elastic, and the 
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outer or areolo-fibrous ; that each artery is surrounded by a 
special cellular sheath, that it is accompanied by one or more 
veins and nerves, and is under the enveloping aponeurosis. 

1st. In determining the position of an artery, its known 
anatomical relations are greatly assisted, often in the living 
body, by the, pulsations of the vessel, though the tumefaction 
and the natural depth of the artery, in many instances, de- 
prive the operator of this great advantage. 

2d. The Incisions. — These are properly but two, viz : 
through the skin and through the aponeurosis, though sup- 
plementary cuts . are frequently necessary In making the 
first, the fingers and thumb of the left hand should be placed 
perpendicularly and firmly upon the surface to be operated 
on, care being taken not to draw the skin' away from the seat 
of the artery, or to slide it, so as to alter its relations in the 
attempt to make it tense. If the artery is superficial, the 
direction of the incision may be parallel with its course and 
its extent, moderate ; but, if the vessel is large and deeply 
seated, it is more convenient and safe to make an ample inci- 
sion, and that its course traverse that of the artery obliquely, 
in order to avoid the accident of falling too much to one or 
the other side. The skin and superficial fascia having been 
divided, the aponeurosis presents itself, and is of a whitish 
and sometimes glistening appearance. This may be pinched 
up with the forceps, and a small opening made into it, the 
knife being held flatwise to the artery. The director is then 
introduced first upwards and then downwards along the course 
of the artery, and the bistoury, with the back of its point in 
the groove, run along so as to divide this- membrane in both 
directions, to the full extent of the opening in the integuments. 

Malgaigne directs that, when the artery lies immediately 
under the aponeurosis, the incision be made to one side, in 
order to avoid wounding the vessel; but when the groove 
director is used, and it should be in all cases, this precaution 
is unnecessary. 

3d. Separation of the Muscles, &c— The muscles now pre- 
sent themselves, and generally their interstices are sufficiently 
apparent ; but, if not, such movements may be produced in 
the limb as will contract them, especially the satellites, when 
the depression will be recognized. Having now arrived al- 
niosUin the very presence of the sheath enclosing the artery, 
its accompanying' vein, and perhaps an important nerve, the 
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blade of the bistoury will not be used, but the separation will 
be made with the fingers, or with the groove director, or the 
handle of the knife. If necessary, the muscles should be 
drawn aside from the course of the artery, either with the 
hand or with bent spatulas, so as to bring the enveloping 
sheath into full view; or it may be necessary even to cut the 
muscle. It is better to avoid this; but the measure is pre- 
ferable to that of allowing it to obscure the position of the 
vessels and embarrass the further proceedings. 

At this stage of the operation, we may sometimes find that 
we have been at fault in our incision, the appearance of the 
parts presented, after dividing the fascia, seeming unfamiliar 
and different from that which was anticipated. Under such 
circumstances, the operator should not enter into a blind 
search after the vessel, into first' one and then another inter- 
muscular space, but should pause and carefully study the 
pails as they are found in the incision he has made. J>y 
producing contractions of the several muscles traversing the 
wound, he will soon comprehend the exact relation of the 
parts presented to the point he desires to attain. Each step 
iu the operation should have its own definite end in view, and 
the surg on should not occupy himself in attempting to find 
the artery on making the Jirst incision, as this cannot be 
attained till the last has been completed. 

4th. Isolation of the Arte/-;/.- — The sheath of the artery 
should be opened by raising a fold of it with the dissecting 
forceps and nicking it carefully with the bistoury, held parallel 
to the artery and never turned towards it. Now laying aside 
the bistoury, but retaining his hold on the fold of the sheath 
held by the forceps, the surgeon should introduce into the 
opening the point of the groove director. With this, he should 
endeavor to loosen the connections between the artery and the 
-sheath, taking care not to extend the separation more than a 
few lines, and also to introduce the instrument between the 
aviary and the vein, so that the latter shall not be exposed to 
injury from the point of the director as it passes beneath the 
artery. Should the artery be deep, it may be found necessary 
to curve the director in order to pass it beneath it.. Some- 
times, in arteries of large size, the vessel will flatten before 
the point of the director or blunt-curved needle, in which 
case it may be punctured. To avoid this, the forefinger and 
thumb of the left hand should be applied above anof below 
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the poiut where the pressure is made, so as to facilitate the 
rolling of the vessel over the point of the instrument. 

If the director has raised any important structure with the 
vessel, a second director or probe may be used to complete the 
isolation before withdrawing the first. The artery having 
been thus placed upon the director, we feel for the pulsations, 
iu order to assure ourselves, to the last degree, that there is 
no mistake as to its identity. A\ 7 e cannot mistake the artery 
for a vciu, as the color of the latter alone will prevent such an 
error. The accompanying nerve is sometimes nearly as large 
as the artery, as in the case of the median, in ligation of the 
brachial, but can always be easily distinguished by its color 
and cord-like solidity. 

Application of the Ligature. — The thread for the ligature 
should be a small round cord, of silk or hemp, from twelve to 
fifteen inches long, so as to admit of secure holding, and 
possessed of sufficient strength to allow of considerable force 
being used in drawing a compact noose and forming a firm 
knot. It should be carefully waxed to prevent slipping. The 
ligatures used by the surgeons of the Confederate States army 
are of the material known as saddler's silk, of such medium 
fineness as will serve single, for the small branches and, when 
twisted double, answer for the larger trunks. We have used 
strands of cotton-thread twisted to the proper size, but prefer 
the saddler's silk. 

Having ascertained, by careful examination, that the artery 
alone has been raised on the director, a common eyed-probe, 
slightly curved and armed with the ligature, may be used in 
case the aneurism needle is not at hand. This may be passed 
along the groove of the director and under the artery, till the 
armed eye is presented on the opposite side. The ligature 
should then be extricated from the eye with a hook or the 
forceps, and both the probe and director withdrawn. Most 
surgeons, however, use the common aneurism needle (plate I. 
fig. 4, Arteries) when the director will not be required in the 
introduction of the thread. Others use the needle, both to 
isolate the vessel and to pass the ligature, to which no par- 
ticular objection is .seen — indeed, we most frequently prac- 
tise it. 

Various forms of aneurism needles are at present in use. 
A short blunt-curved needle, held firmly in the artery forceps,' 
was used by Dr. Physic ; or the same, attached by a screw t© 
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a staff, known .as the American needle, (plate I. figs. 5 and 6,) 
attributed to Dr. Mott. This latter instrument is managed 
as the ordinary aneurism needle, till the ligature has been in- 
troduced; then the blunt hook of figure 6 is introduced into 
the eye — this holding it steadily, while the staff is unscrewed. 
The needle is then drawn through by the hook and removed, 
leaving the thread in position. For arteries still more deeply 
seated, as the anterior or posterior tibial, or especially for the 
internal iliac — which operation would have failed on one occa- 
sion except for its use — is the very admirable needle figured 
in plate I. figure 7, which has been delineated, for this work, 
from the instrument in our possession. It is somewhat on the 
plan of Bellocq's tube. The principle, it is said, being first 
applied to ligation by Professor Gibson, the father of Surgeon 
Gibson of our army. In application, the curved tube (a) is 
passed under the vessel, as the ordinary aneurism needle ; the 
slide (c) is then pushed down with the index finger, causing 
the delicate hooked watch-spring (&) to be projected, and to 
rise from the bottom of the wound, in most cases, above the 
tegumentary surface and within easy reach of the operator. 
The ligature is then looped into the hook and the spring 
drawn within the tube, carrying the ligature securely against 
its edges, holding it fast. The whole instrument is now with- 
drawn and removed, leaving the thread in proper position 
under the artery. 

Having raised the artery, by drawing gently on the liga- 
ture, to be sure that the circulation is arrested and that we 
have not included a nerve or a tendon, as has been done, the 
ligature is firmly secured with a double knot. It should be 
tied directly across the vessel, as an oblique loop, by slipping 
on one side, might fail to make sufficient compression. When 
the vessel is deep, each fold of the knot must be firmly tight- 
ened, and so held as to avoid slipping, till the entire knot is 
completed. One end of the ligature is then removed, and the 
other brought to the surface by the most direct route. 

The ligature, when properly applied, as is well known, di- 
vides the two inner coats of the vessel, and, subsequently 
also, the remaining coat by ulcerative absorption. A clot, 
extending to the first collateral branch above, having formed, 
the vessel is completely plugged ; but it is now understood 
that the adhesion of the coats of the vessel is fully as effectual 
as the clot, in preventing the recurrence of hemorrhage. The 
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culargeinent of the. collateral branches secures the nutrition 
of the limb beyond the ligature. 

Dressing and After Treatment. — The dressing of the wound 
should be simple, having for its object, as far as practicable, 
uoiou by the first intention. The lips should be brought 
together with adhesive straps, and lightly secured with a 
compress and roller. If the loss of temperature is persistent 
under the use of woollen wrappings, stimulating liniments may 
be used till the time is afforded for the establishment of the 
collateral circulation. This is apt to be very deficient in liga- 
tions for primary hemorrhages, better in those for the con- 
secutive forms, and quite abundant whenever an aneurism 
has existed for a considerable time. The wound should not 
be disturbed by frequent dressings. The ligature should be 
left untouched for eight or ten days, in case of the smaller 
arteries, and for two or three weeks in that of larger ones; at 
which time it may be tried by gentle traction. It frequently 
separates and begins to protrude spontaneously, as will be 
shown by the projection of a half-inch or more of the clean 
white thread beyond the surface of the skin. Throughout 
the treatment, the limb should be placed in such a position 
as will moderately relax the muscles and favor the 'escape of 
the discharges from the wound. » 

The Ligation of Arteries at the Seat op Lesion. — 
The lessons of the amphitheatre, the study of anatomical de- 
tails, the descriptions by authors and the stress laid on the 
surgical relations of arteries, as well as, in most instances, the 
rules enunciated for their ligation, have, until a very recent 
period, contemplated tying, only in ike continuity of the vessel; 
consequently, the whole science of the subject, so to speak, 
has been adjusted and is more applicable to the treatment of 
I aneurism, than to that of traumatic hemorrhage. It has been 
plainly shown that, for the treatment of hemorrhage, the ope- 
ration of Hunter is unsafe and entirely inapplicable, however 
often we may be forced to use it as a temporary means, or 
adopt it for the control of concomitant inflammation threaten- 
ing the life or limb of the patient. 

As the doctrine of ligation, by two ligatures at the point 
of injury, is here acknowledged in its fullest acceptation, an 
embarrassing incongruity would be avoided could we furnish 
reliable directions for operating on the principle so strongly 
urged. It must be acknowledged, however that, as compared 
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with the ligation in the continuity of the vessel, the opera- 
tion at the wound, while in itself it is far more difficult and 
embarrassing, is yet less clearly treated in the works of au- 
thors, and sadly needs that clearness of description and sys- 
tematized programme of procedure which has rendered the 
other so easy— we had almost added— positively attractive. 
In consequence of the comparatively recent and sudden change 
wrought in the practice by the convincing and brilliant ex- 
perience of Mr. Guthrie, time has scarcely been allowed for 
that thorough study and well-considered teaching which a new, 
and certainly more difficult method requires; nor for the 
enunciation of such rules as will safely guide, and above all, 
give confidence to, the inexperienced. Nevertheless, the facts 
are overwhelming, the necessity imperative, our duty unmis- 
takeable. We must cast about for principles, or, in their 
default, e/en operate without them. Otherwise, condemna- 
tion awaits us from without, and worse still — sclf-accusings 
from within. 

The records of surgery, however, are not wholly without 
very useful hints in this mode of operating. It must be re- 
collected that, previous to the time of Anel and Hunter, this, 
or something very similar to it, which we now call the new 
method, was then the old and only one at command of opera- 
ting surgeons whenever they were heroic enough to attempt 
the surgical treatment of aneurism ; and there may be found, 
scattered up and down along the annals of medicine, both be- 
fore their time and since, occasional cases wherein ligation at 
the seat of lesion was successfully accomplished. 

In the consideration of this particular aspect of the subject 
the cases presented may be divided into two classes : 1st. Cases 
of hemorrhage with simple arterial lesion; and 2d. Arterial 
lesion complicated with diffused aneurism. 

I. Ligation in Simple Arterial Lesion. — The nature of this' 
injury has been already fully described. The time, above all 
others, at which we may hope to find the opening in the artery 
entirely uncomplicated with clots or matted fibrine is immedi- 
ately after the receipt of the wound and when the vessel is to 
be ligated for primary hemorrhage. In these cases, the wound 
is apt to be still patulous at the time of the bleeding, and as 
little or no barrier is presented to the easy outflow of the 
blood no infittration occurs, and the clots formed, if any, are 
confined entirely within the walls of the fleshy tube punched 
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by the projectile in its progress through the structures to- 
wards the artery. Even in retarded hemorrhage, the same 
clean condition of the tissues about the arterial lesidn may 
sometimes be found, unless the movements of the patient have 
so disturbed the relation of the superimposed muscular layers 
as to interrupt the exit of the blood. Unless the situation of 
the wound is a very unusual one, the immediate anatomical re- 
lations of the artery and the descriptions for the Hunterian 
operations can be made easily available in reaching the vessel 
in simple arterial lesion. 

External Wov/nds and Tracks of Projectiles. — A considera- 
tion of these is important, as they have reference to, and, in 
a measure, determine the line and position of the incisions. 
It will be understood that any classification of wounds or the 
course of balls here found, is made specially and purely in 
reference to, and on the one principle of, their connection with 
the art' rial lesion, and is not intended to be considered as an 
arrangement of gun-shot wounds in any other relation what- 
ever. We would ask to be allowed, for a moment, to conceive 
the track of the ball as the tunnelled highway through a solid 
mass, crossed, at some portion of its course, by a tubular 
stream — a culvert, which, when entire, conducts a living tide, 
to a glowing region beyond, but now, breached and inter- 
rupted, the stream is diverted — and, wasted at one or other 
end of the tunnel, leaving pools and sediment, here and there, 
throughout its course. All along this highway, the anatomist 
has his beacons, his finger-posts, and his mile-stones, by which 
he shapes his course and measures his distances, in seeking 
any particular point. There is but one point of absorbing in- 
terest — the wound in the artery — all pointers and measure- 
ments tend. onward to this centre. 

Balls producing arterial lesions approach the vessels in, 
every conceivable direction : Directly, obliquely, sometimes 
longitudinally from above, sometimes, from below ; they pass 
through the body or limb in a straight line, or they diverge 
in an angle or by a curve ; or, again, they may enter on the 
outer side, distant from the vessels, traversing the limb towards 
the inner aspect, wounding some large trunk — as the femoral 
or brachial, or axillary as from the shoulder, coming to the 
vessel thus from the rear, but making no wound of exit, are 
incomplete. We cannot consider all of these ; we select but 
three for description, which we shall take the liberty of 
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naming respectively: 1st, the direct; 2d, the oblique; and 
3d, the posterior incomplete track. 

The two first of these are selected because they are very 
frequent ; and the third— not much less frequent—because its 
bleeding is apt to be obscure, and because it requires careful 
consideration always, whenever it gives rise to hemorrhage. 

It doubtless for a moment occurs to the mind of some one, 
that this classification might be extended. We agree that it 
might, but with little or no advantage to our subject, and we 
cannot see that such a basis of classification could be made 
to elucidate any other connected with gun-shot wounds. It 
may be asked are there not posterior complete tracks, and 
anterior incomplete ; and, if so, why are they not considered ? 
Without doubt, there are both of these varieties, for balls do 
often pass entirely through limbs from behind, and they some- 
times pass -partly through from the front, but we only recog- 
nize their tracks, for our purposes, when they happen to wound 
an artery, and then we view them altogether, and only from 
the antero-internal or vascular aspect of the limb ; therefore, 
they both become either direct or oblique tracks, so far as we 
are concerned, and are so considered in our operations. We 
have no interest in these tracks except, either as a route from 
the surface of the vascular aspect* of the wounded man, to the 
bleeding vessel, or as a lin§ in reference to wliich we make a 
route to the bleeding vessel from that portion of the surface 
least removed from it Briefly, here is our object, and method of 
attaining it : We wish to reach the bleeding artery — we know 
that the track has crossed it somewhere, and at the very place 
which is bleeding, for in the making of the track, the wound 
was made ; we know, also, the general course and position of 
the artery. Now, if either end of this track happens to be 
^he shortest route leading directly to the opening in the artery, 
we enlarge it to reach the vessel — but if there is any much 



* We mean by "vascular aspect," that surface in relation to which 
the artery is most superficial. It is generally, as is known, for the 
primary trunks, on either, the anterior or internal aspect of the 
body, as in the neck the carotids ; in the superior and inferior 
extremities, the axillary, brachial, radial and ulnar: femoral and 
anterior tibial, &c. But in the case of those arteries that approach 
nearer to the posterior plane of the body, the vascular aspect is 
reversed, as in the case of the posterior tibial, peroneal, gluteal 
and ischiatic arteries, and also some arteries of the shoulder. 
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more direct route through the sound skin and muscle, we cut 
down and bi-sect the track, as nearly parallel with the course 
of the wound as we can, the track greatly assisting us in find- 
ing the arterial wound. Thus far, the track is oitr great 
rallying point, and has the most important value in the opera- 
tion — beyond that, none at all. 

Operation. — We shall have reference to these tracks in 
connection with the incision and search for the arterial lesion. 
We'prcfer completing the description of the operation in con- 
nection with the incision of the oblique track, because that 
one, we conceive, to be of the most frequent occurrence, and 
the one which seems to present more clearly, a type of ligation 
at seat of lesion than either of the others. 

lit. Instruments. — A tourniquet, a straight, a convex and 
probe-pointed bistoury, a female catheter or straight sound, 
probes, forceps, bent spatulas, needles, sponges, and the dress- 
ings, complete the preparations. 

2nd. Digital or Instrumental Compression. — In case the 
tourniquet or other means of compression is not already ap- 
plied, the surgeon having prepared for the operation, should 
see that the main trunk leading to the wound about to be dis- 
turbed, is securely compressed, either by that instrument or 
by the fingers of a perfectly reliable assistant. Never begin 
the operation without some form of compression. 

3(7. The Incision. — The circulation being controlled, time 
is now allowed to consider well the circumstances of the wound, 
the relations peculiar to the particular and perhaps unusual 
portion of the vessel he has to reach, and also by which wound, 
if there are two, he should attempt to approach it, or whether 
the incision should traverse the wound in the skin at all, in 
order to reach the arterial wound 

Direct Track. — When the course of the ball is direct, the 
entrance being near the line of the artery, the incision should 
traverse that wound, whether of entrance or exit, which is 
nearest to the general course of the artery and most accessible 
to it. The catheter may be used to follow the course of the 
ball during its search for the artery, as it is certain that the 
wouuded vessel will be found somewhere in its track, 'We 
should at no time lose sight of the anatomical guides of the 
particular region in which we operate. 

' Oblique Track.— The ball may have penetrated the artery 
very obliquely in such a manner that, both its wound of en- 
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trance and exit may be far removed from the known course 
of the vessel which it has traversed, in this case, the incision 
should be made perpendicularly to the course of the ball, bi- 
secting it near its middle and parallel with the known course 
of the artery. Here the introduction of the female catheter 
or sound through the wound, from one opening to the other, 
will be found of great assistance as indicating the level or 
plane of the wounded artery. 

Under these circumstances, make an ample incision in the 
skin, especially if the vessel is deep. , Divide the aponeurosis 
as heretofore described on the director, and proceed cautiously, 
directing the assistant to make such movements with the 
sound — pressing it upwards, &c. — as will indicate the approach 
of the operator to it ; or he may feel for it through the tissues 
in the bottom of the incision. As the seat of the wound is 
approached, the stained appearance of the tissues, together 
with the prominence of the sound will guide to the track of 
the ball. The particular satellite muscle must be recognized, 
and the relation of the artery to it, considered. Having ar- 
rived at the level of the instrument, the sheath of the vessels 
should be carefully searched for — in this, the clots about the 
wound will materially assist. Sometimes the sheath may be 
protruded, which will indicate the vicinity of the cut in the 
artery. Having approached thus near to the vessel or to the 
wound itself, if there is any difficulty, scraping with the han- 
dle of the knife or raking with the point of the director or 
probe, and picking in the suspicious places with the forceps, 
will be apt to plough up the vessel. If not now found, or 
even before this stage, the surgeon should direct the tourni- 
quet to be relaxed, when the beating of the vessel will in- 
dicate its course and the flow of blood, divulge perhaps the 
very point of the opening. When one end has been found — 
most frequently the upper on account of its pulsations, the 
lower or distal end should be looked for. In vessels of con- 
siderable size, where the sound or catheter is used, the cardiac 
end of the artery is on one side and the distal end on the 
other, the instrument occupying the space between them, 
caused by retraction. If the vessel is not completely divided, 
the search may be somewhat shortened. 

Application of the Ligature. — This requires no very par- 
ticular description. If the vessel is only partially divided, the 
common aneurism needle (plate I. fig. 4, Arteries,) may be used, 
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as in ligation in the continuity of the artery. When completely 
severed, the cardiac end will be found to have contracted for 
some lines from its mouth, resembling, as described by some, 
the neck of a claret bottle. It will also be found to have re- 
tracted within its sheath. The mouth of the distal portion of 
the artery will probably be found less, and perhaps not at all 
contracted, and also less drawn within its sheath. This end is 
much more apt to bleed afterwards, if neglected, than the upper 
end. Either the forceps or tenaculum may be used. Ihe for- 
ceps are supposed to be more suitable for the trunks and the 
tenaculum for the branches. If the forceps are used, seize the 
upper end of the vessel in such a way as to flatten, its calibre, 
and not introducing one branch into its mouth, as recommended 
by Dessault. If the tenaculum is used, it is better to traverse 
the vessel, and vot introduce the point into its calibre- — this, 
we think, often gives rise to imperfect ligation in amputations. 
The vessel, thus seized, is pulled a little out of its sheath, an 
assistant passes a thread beneath the forceps or tenaculum, 
surrounds it, and makes a knot, taking care, before tying, to 
push it over the vessel and as close to the surface from which 
it emerges as possible. Then, in the same manner, apply an- 
other ligature to the lower end. Both ends being ligated, the 
instrument is withdrawn from the vessel, and the pressure on 
the main trunk is relaxed, in order to ascertain whether the 
ligation is effective. The pulsations of the vessel will be ob- 
served moving the ligature. Sometimes small branches in a 
wound bleed so as to give trouble, and yet are difficult to iso- 
late — a sharp-pointed aneurism needle, (see plate I. figure 5, 
Arteries,) armed with a thread, may be passed into the struc- 
tures under it, including a little muscular fibre, &c, with it, 
in a common ligature. 

Dressing. — Sponge out the wound to remove all clots, and 
dress and place in position as heretofore described, adjusting 
the parts for union by the first intention. 

In posterior-incomplete tracks, it will be recollected, that the 
ball enters at some point distant from the artery, penetrates 
to it, or a little beyond, and wounds the vessel, but makes no 
exit. 

This form of track is seldom found in connection with simple 
arterial lesion and free external bleeding, but is the one which 
is more apt to be characterized by diffused aneurism. Partly, 
for this reason, have we deferred its consideration till we ap- 
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proach that more complex portion of our subject. Still, inas- 
much as cases do occur in which the more simple operation is 
required, we describe here some of the details of the proce- 
dure, especially as these details easily lead on, as by gradual 
approach, to the perplexities of that uninviting operation. 

Suppose, for instance, the ball to have entered the middle 
of the thigh posteriorly, as before described, wounding the 
artery and lodging in the limb— an alarming hemorrhage from 
the wound results, and ligation is determined on. Here, as 
in the oblique wound, we wish to use the track, to assist in 
finding the arterial lesion. The general precept, to " enlarge 
the wound and tie both ends of the bleeding vessel," of course, 
cannot here be carried out, and it would be simply absurd to 
follow that track in reaching the artery. Yet the track may 
be made very useful as a guide, though not as a route. Ef- 
fectual compression being made, and the limb being placed 
in such apposition as- will make all parts of the track coincide, 
the sound is introduced and pushed to the bottom of that 
canal. If it has approached near to the surface, the point can 
be made prominent through the skin in front. Knowing the 
course of the vessel, the incision may now be made by the 
side of the point, if the prominence does not exactly correspond 
with it, or directly vpon the end of it, if it does. We may 
then follow the sound downwards to the plane of the vessel, 
and we will probably find the gap in the artery, either very 
near the side of the sound, on the same vertical plane, or per- 
haps traversed hy it. The lesion being thus arrived at, the 
operation does not differ in general principles, nor even in its 
details, from the one just described. 

Although it may happen that there exist no aneurism with 
wide-spread pulsations and an ampullated space, still an arte- 
rial wound, so circumstanced, cannot fail to present complica- 
tions approaching to aneurismal characteristics ; there are apt 
to be more or less infiltration, and a large number of clots, 
while the confusion of tissue simulates the matted and stif- 
fened condition of the parts — unless the bleeding is primary — 
observed in diffused aneurism. The simplest of them belong 
to that indefinite order known as " transition cases," embar- 
rassing every classification, and which here bridge over the 
chasm between the uncomplicated and the complex overlap- 
ping the boundaries of one grand division with the confusing 
outskirts of another. 
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Ligation in Traumatic Aneurism.— The Hunterian 
operation of ligation in the continuity of the vessel, facilitated 
as it is by the normal condition of the structures and guided fey 
undisturbed anatomical relations, is seldom, in itself, a difficult 
procedure. Even ligation at the wound, in simple arterial 
lesion, though the tissues are altered more or less by the ex- 
travasation, always in some degree present, is still an opera- 
tion, the performance of which the surgeon may contemplate 
with complacency, and which he may hope to accomplish suc- 
cessfully in most instances, without meeting serious embarrass- 
ment at any stage of the procedure. His anatomical guides 
and the course of the artery itself being well considered, he 
avails himself of the track and finds that he has, crossing each 
other at angles, varying in different cases, two lines, one longitu- 
dinal, the other oblique or transverse — the intersection of which 
muit rest at a point, not very distant from the arterial wound. 
The transverse or oblique line is the track, a straight, narrow 
tube, undilated in any portion of its extent, which offers easy 
and certain transit to his sound, from the wound of entrance 
to that of exit, or the reverse indifferently — that when this 
is accomplished, he knows that the vessel rests somewhere 
against the side of the instrument, crossing it. He considers 
the superimposed layers of muscles, if there be any, their 
number, their thickness, and thus he arrives at the depth at 
which the arterial wound rests from the cutaneous surface ; 
and with his mind and his eye familiar with every object he 
is to encounter, he starts out, not on a voyage of discovery, 
but with a clear conception of his end, guided, at every step 
of his course, by pointers and beacons, which illumine every 
portion of his way 

If, then, such are the guides — in the one case, rendering 
the wound in the artery easily attainable — what, it will be 
asked, is the new condition which so alters the situation as to 
make traumatic aneurism, perhaps in the very same region, 
the dread of the surgeon and its surgical treatment, the most 
difficult and embarrassing of all the operations of modern 
practice — the whole field of surgery not presenting a more 
difficult operation, nor one requiring greater judgment, nerve 
and dexterity?* A consideration of the circumstances and 
condition of parts involved in diffused traumatic aneurism 

* Druitt. 
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will enlighten us as to the reason why these operations are 
generally considered so difficult. 

. This form of aneurism, if we may so term it, resulting either 
from the obstruction presented by the partial agglutination 
of the wound or sinuous course of its track, consists of an 
effusion of blood poured out by, and communicating with, a 
wounded artery. It has no distinct sac and is only limited 
in its extent by the pressure of the surrounding parts. Even 
these do not form for it a distinct wall, but, as long as the 
accumulation continues, they are themselves subjected to in- 
filtration, till each organ surrounding the accumulation becomes 
soaked and stiffened by the fibrine and discolored by the red 
particles of the blood. The accumulation, beginning at the 
arterial wound, sometimes dilates and presses before it the 
sheath of the vessel ; at others, passing through a free open- 
ing in the sheath, it makes for itself outside of it, in the inter- 
muscular space immediately overlying the vessel, a dilating 
cavity — of which the distended track also forms a part. — of 
constantly increasing dimensions, imperfectly and irregularly 
lined with layers of clotted blood and fibrine. In the centre, 
or more frequently lying against one wall of this irregular 
cavity, is the wounded artery; the blood from which is being 
constantly poured into the sac, so that the entire space is filled 
with fluid blood, momentarily increasing with each pulsation 
of the vessel. The pulsations are accompanied by dilatations 
of this pseudo-sac. The accumulation continuing, some por- 
tion of the wall of clotted blood and fibrine gives way; if the 
rupture is opposite the partially healed external wound, pro- 
fuse hemorrhage follows, relieving the distension for a time, 
to be repeated again and again, till the vessel is secured; but 
if at some other portion of the wall, the blood is still farther 
extravasated among the muscles, under the aponeurosis, and 
in the meshes of the cellular tissue, till, for an indefinite dis- 
tance around the wounded vessel, all the structures are dis- 
tended, compacted, matted and consolidated, and the tissue 
of each particular organ infiltrated and stained with blood as 
just described. In^certain portions of the body, where the 
distensibility of the parts is great, the artery being large, 
the accumulation is sometimes so abundant as to produce syn- 
cope by the sudden diversion of so large an amount of blood 
Irom the current of the circulation. 

From the above statement of the facts, connected with 
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traumatic aneurism, as briefly presented as clearness will per- 
mit, it will be seen that the great advantage afforded by the 
anatomical relations of the region, so valuable to us in the 
other two operations, is, in a great measure, withdrawn in 
this. On hying open the cavity to reach the vessel, the mass 
of clotted blood and of flbrine — partly effused from the tissues 
and partly deposited from the blood — obscures the view of all 
the parts familiar to us in our dissections; and the altered 
appearance of everything throughout the entire region, does 
not fail to embarrass the operator, and to make each step un- 
certain and _ hesitating. A wilderness of matted, confused 
and unfamiliar structures bounds all the cavity from which he 
has removed the blood, and he looks in vain for something he 
has ever seen before, to direct him to the place where the 
artery, at least, ought to be located. Again; to add to the 
difficulties which present themselves, we know by experience, 
thai, however well our pressure may be applied to the main 
trunk, we cannot always be secure against a certain oozing of 
blood from the turgid vessels of the parts, which, though it, 
not damage the patient always, will continue still farther 
to confuse and embarrass the operation. 

For the condition of things above described — and in many 
systematic works, the difficulties are more graphically ampli- 
fied than in the above brief sketch — it is surprising, how little 
detail of directions is given for the operation. Some writers 
simply recommend " the old operation for aneurism," and, 
with a few additional directions, pass on to some other subject. 
Others complacently and tritely advise to " lay open the sac, 
turn out the clots, and secure both ends of the artery" — 
e teachers had certainly never operated — while John 
]>ell, whose evident experience determined him to recommend 
boldness as better than caution, thus dashingly describes his 
operation — which seems to have been performed without a 
tourniquet — and which, in cases where pressure cannot le 
made, is perhaps the best that can be recommended : 

" Run your bistoury upwards and downwards, so as to slit 
Up the tumor quickly; plunge your hand suddenly down to- 
wards the bottom; turn out the great clots of blood with 
your fingers till, having reached the bottom entirely, yon 
begin to feel the warm jet of blood; and, directed by that, 
clap your finger upon the wounded point of the artery; as 
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it has but a point, your finger will cover it fairly, and your 
feeling of the artery assures you that all is now safe." 

The objections to the above mode of procedure, in cases 
where a more careful and deliberate operation can be per- 
formed, are many. Most operators could not safely trust 
themselves, especially in a first operation, to remove the pva- 
faction which the pseudo-sac affords against the frightful he- 
morrhage which would follow, and which would continue to 
gush out while they pursued the search for the artery, if com- 
pression is neglected, the finding of which, many occurrences 
may present to interfere with. 

In diffused aneurisms, situated iu parts in which pressure is 
impracticable or in such as are fed by small arteries, the bold 
measure of John Bell, may be the best that can be adopted, 
but those who have operated on these effusions know full well 
that sometimes, even where pressure is used and no hemorrhage 
embarrasses the surgeon, there is often an unavoidable amount 
of delay in finding and securing the vessel which is apt to 
disconcert the surgeon and materially depreciate the strength 
of the patient and lessen his chances of ultimate recovery. It 
must be recollected, that many patients who require the opera- 
tion have suffered at least one, and perhaps several, exhausting 
bleedings, and they can illy bear the additional loss of blood 
as a part of the operation. 

Others, however, and among them Vidal, Nekton and 
Erichsen, describe their several procedures with more par- 
ticularity, recommending, very properly, as the first step in 
the operation, either the careful application of the tourniquet, 
or that efficient compression of some kind be exerted on the 
main trunk leading to the vessel to be operated on. 

Both A r idal ::c and Nelatouf recommend the female catheter 
to be used in the operation ; not, however, to re-establish the 
track, and to make it available to the operator throughout the 
whole process, but to be introduced into the mouth of the 
upper and lower end of the severed vessel, for the purpose of 
elevating them and separating them from the accompanying 
vein and nerve. The ligature is passed over the vessel en- 
circling the instrument, which is slipped out as the thread is 

* Traite de Pathologie Externe et de Medicine Operatoire 
t Elemens de Pathologie Chirurgicale. Paris 1844. 
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tightened. Erichsen* recommends the use of a probe, to be 
used as a centre, on which to make the incisions. Too much 
minuteness, in our opinion, cannot be observed in the detail 
of description for every portion of this, sometimes, tedious 
operation ; for no duty the surgeon has to perform requires 
more careful reflection, a closer study of each particular step, 
more forethought to anticipate accidents, or promptness in 
meeting them, than this one of ligation in diffused aneurism. 

The Operation in Diffused Aneurism. — Eor the control of 
the circulation in the ligation of any large artery supplying 
a diffused aneurism, the fingers of an assistant should not be 
relied on whenever the tourniquet can be applied. This in- 
strument should be applied with great care, and in cases where 
it is impracticable, two assistants should be assigned the care 
of the main trunk, that they may relieve each other in case of 
a prolonged operation. The surgeon having assured himself 
that all circulation has ceased in the limb, proceeds delibe- 
rately with the further steps of the operation. 

Re-establishing the Track. — As we have shown in the ligatiou 
in simple arterial wounds, so, for a still greater reason, is it 
important to re-establish the original track of the ball in dif- 
fused aneurism. For this purpose, an ordinary probe is re- 
commended by some— we prefer u female catheter; but in 
many instance^ it will bu found too short to traverse the di- 
ameter of the thigh. A better instrument than either would 
be a straight steel sound, -f of an inch in thickness and eight 
or ten inches in length. If the track is direct, the ball having 
penetrated the limb, the surgeon should pass the sound into 
that wound which is nearest the vessel, continuing it on till it 
emerges from the opposite wound, in its course breaking up 
the partial adhesion of the soft parts. 

If the track is oblique or indirect the instrument should, in 
the same manner, be passed through its entire course, from 
one opening to the other. In case there is but one wound, 
traverse the course of the vessel as nearly as possible in the 
track of the ball. 

In case the track is of the posterior-incomplete, kind, having 
no opening anywhere in the neighborhood of the course of the 
vessel, the instrument should be passed as directed in case of 
the same track in simple arterial lesion, viz : through the full 



* Science and Art of Surgery. London, 1861. 
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extent of the wound, its point being pushed towards, or past 
the normal position of the vessel, and it being made to become 
prominent on the surf ice near the line of its course. 11 the 
ball has not approached near enough to the surface for this, 
the instrument must be pushed towards the line described. 

The original track of the ball having been thus re-estab- 
lished by the introduction of the sound, which now represents 
it, the operator may consider the normal course and position 
of the vessel, which is the other bearing by which he is to ar- 
rive at the exact site of the arterial wound. He will recollect 
that if the sound has been properly introduced, and especially 
if there be two wounds, notwithstanding the ampullated area 
into which the track has been distended and the vast accumu- 
lation of both clotted and fluid blood which surrounds it in 
that cavity, his sound still coincides with at least one plane of 
the vessel, and, whether he cuts down by fix- side of it, as in 
both the direct and posterior-incomplete tracks, or crosses it 
with his incision, as in the transverse or oblique track, he 
must reach the plane of the vessel, and the close vicinity of 
the arterial wound, by arriving at the point where these two 
lines intersect — where the course of the vessel crosses the track 
of the ball. 

The Incisions. — An assistant must see that the sound remains 
in the track, holding it if necessary. The normal position of 
the vessel being borne in mind, the incisions must coincide 
with the usual direction of the vessel, no matter what may be 
the amount of swelling produced by the accumulation. They 
should equal, if not exceed the limits of the tumor, in order 
to give free discharge to the clots and fluid blood, but more 
particularly to allow ample room for the operator to make the 
movements necessary to search for, expose and separate the 
wounded vessel. At the first cut, the skin and fascia over- 
lying the tumor, should be divided; the second divides the 
aponeurosis, under which, generally, is found lying the clotted 
mass of blood and fibrinc, irregularly moulded to the eleva- 
tions and depressions of the surrounding organs. This forms 
the pseudo-sac of the aneurism. The external appearance of 
this mass varies somewhat in accordance with the length of 
time during which the sac has been forming ; if but recent, 
the color of the outside is dark, like the clot of venous blood, 
but if the tumor has existed for some time, from two to five 
weeks, the color is changed by the accumulation of lymph 
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upon its surface, effused from the surrounding structures with, 
which the clot had been in contact. 

Search for the Arterial Wound. — The sides of the wound 
must now be held widely apart with bent spatulas, so as to 
afford ample room for the operator. The mass of clotted blooft 
should be broken into and the cavity reached. A large 
quantity of fluid blood will be discharged, notwithstanding 
the pressure on the main trunk. If the flow is rapid, showing 
that it is from the artery supplying the sac, an endeavor 
Bhould be made to reach the orifice within the sac, so as to 
cover it with the linger, till the compression can be made ef- 
fectual, the jet of warm blood will indicate its position. The 
clots should be removed, and the fluid blood sponged out by 
an assistant. The operator should, in direct tracks, follow the 
sound to the bottom of the cavity, and search there for the 
vessel, or somewhere along the length of that instrument. In 
transverse or oblique tracks he should seek the sound ichere it 
traverses the cavity, or on ^e floor of it, looking for the 
gapped or divided vessel running in a line across it. Inmost 
aneurisms, after the interior soft clots are removed, the more 
external portion of the tumor will be found laminated, in- 
creasing in density as we approach their periphery from within, 
which is apt to be formed, as before stated, by a layer more 
fibrinous than the internal ones. This laminated feature, like 
the fibrinous character, depends much upon the length of 
time the aneurism had been forming at the time of the ope- 
ration. The last layer appears to be closely agglutinated to 
the surrounding tissues, so that when removed, there_ yet ap- 
pears to be a quantity of the fibrinous clot still adhering, and 
the surfaces of muscles are covered with it, and the muscular 
tissue itself, deeply infiltrated and stiffened, and densified 
with the same agglutinating material. 

The fibrine must tee cleared away from the surface of the 
muscles with the handle of the knife— the inter-muscular 
spaces will thus be defined, and the edges of the satellite re- 
cognized This must be raised, and the sheath containing the 
artery vein and nerve will be found either under it, or lying 
alon- its edge. The search will be made more particularly 
and with more confidence, in the immediate vicinity of the 
sound representing the track than elsewhere. _ Should neither 
the artery nor its wound present, the tourniquet should be 
relaxed for a moment ; the pulsations will indicate the course 
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of the vessel within its sheath, and the bleeding will soon 
begin, revealing the opening in it. The sheath being recog- 
nized, the opening made by the projectile must be sought for, 
and the director introduced so as to open it both up and down 
for a few lines, when the ligature may be applied as in simple 
arterial lesion. The lower end is generally more difficult to 
secure, and its importance is such, that it is recommended by 
some, that rather than close the wound without tying it, even 
the actual cautery should be applied. Tt appears to us, how- 
ever, that if we approach near enough to apply the cautery, 
we might continue our efforts and secure the vessel. The 
lower mouth is generally found open. The spots of greenish 
yellow fibrine, described by some excellent authorities as beiDg 
found accumulated around the open ends of the severed vessel, 
serving to indicate their situation, we have never particularly 
observed in cases operated on by us, and cannot, therefore, 
undertake to estimate their value. Doubtless they will be 
found to assist those who haV$ learned to distinguish them 
among the masses of clot and fibrine which are apt to be 
found, in all directions, about the wound and track, in even 
simple arterial lesion — and more abundantly in diffused aneu- 
rism. 

Recapitulation. — Apply compression; introduce the sound; 
make an ample incision; clear the wound of clots and fluid 
blood ; dilate with bent spatulas ; seek first the portion of 
sound in contact with the vessel ; look next for the satellite 
muscle, if any ; next, for the sheath ; then search for the 
opening in the sheath; relax the pressure if necessary; in- 
troduce the director, and divide the sheath carefully; now 
look for the wound in the vessel, not before; seize each end, 
and apply the ligatures. -> 

Dressing. — Cold water may be used in the often, extensive 
wound left by the above operation ; W we prefer that it 
be applied in form of a wetted pad laid on the wound. Ad- 
hesive straps should be applied to bring the edges in ap- 
position to prevent wide gaping, to which these wounds seem 
much disposed. A roller is valuable for the compression it 
exercises; thus favoring the discharge of the extensive in- 
filtrated clot, dissolving from among the tissues, and which 
discharge we have known to continue for more than a week, 
producing the impression that the hemorrhage had returned. 
After this, pure pus makes it appearance, and the wound 
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heals satisfactorily, but not by the first intention, or, at most, 
only in part. 

Chloroform. — The administration of chloroform has not 
been referred to in any of the foregoing operations. Its value 
in all surgical operations is, with but few exceptions, so well 
established, that it was not deemed necessary to urgue its 
applicability here. It may be suggested, however, that inas- 
much a3 the subjects of hemorrhage are often more or less 
debilitated, and the operations, especially those at the seat of 
lesion, often prolonged and tedious, the administration of the 
anaesthetic should not be commenced till the surgeon is fully 
ready to begin ; and if the search is unusually long and diffi- 
cult, the application should be remitted at intervals, to allow 
a partial subsidence of its effects. We think that patients, in 
cxsanguined and feeble conditions, are sometimes overwhelmed 
with the too free use of chloroform, which, under such cir- 
cumstances, may seriously retard rc-action after the arrest of 
the hemorrhage.* 

THE LIGATION OF PARTICULAR ARTERIES. 

In this second portion of the present chapter, we propose 
to describe, briefly, the ligation of the individual arteries 
wherever they have been found accessible to the efforts of 
the surgeon. 

Any general system of descriptions must necessarily con- 
template, as we have heretofore remarked, only ligation in 
the continuity of the vessel as the basis of the directions 



* As, in the foregoing considerations, the deficiency of Data, on 
many unsettled points connected witk hemorrhage, has been re- 
ferred to, we may briefly suggest, the keeping of a Synoptical 
Record of all cases, in which shall be noted, among others, such a3 
the following interesting particulars : Time elapsed between the re- 
ceipt of the wound and the occurrence of consecutive hemorrhage; 
Condition of limb, or other part, at period of consecutive hemorrhage ; 
Whether the ligation was performed at the wound, or in the con- 
tinuity of the vessel; How the inflammation was affected, by reducing 
the supply of blood in the part, by ligation. The columns might be 
so extended as to include every fact in the history of each case 
worthy of registration, and Tables, similarly constructed, would be 
found to apply conveniently, to the statistical investigation of all 
other subjects hi the domain of military practice. For the form of 
the Synoptical Record, see pages 00-91. 
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given. Ligation at point of lesion can only refer to special 
cases, either actual or supposed. We shall, however, keep 
constantly in view the more frequent accidents of the several 
vessels, adding such special descriptions as may he deemed 
useful. 

The operations will he grouped in the following manner : 
Arteries of the Superior Extremity ; Arteries of the Head 
and Neck; and Arteries of the. Inferior Extremity. 

Arteries of the Superior Extremity. 

The artery which supplies the superior extremity continues 
as a single ucbifurcated trunk from its origin, within the 
cavity of the thorax, to a point generally, a little below the 
elbow. The several portions of it have received different 
names, corresponding to the region through which it passes: 
That part of the vessel, which extends from its origin to the 
outer border of the first rib, is called the subclavian artery j 
beyond this point, to the lower border of the axilla, it is 
termed the axillary artery; and from the lower margin of the 
axilla, to the bend of the elbow, it is known as the brachial. 
The single trunk here terminates by dividing into the radial 
and ulnar, very similar in arrangement to that which is found 
to exist in the lower extremity. 

The Ulnar Artery. — From the division of the Brachial, 
the ulnar artery runs downwards and inwards. along the ulnar 
side of the fore-arm. Passing in front of the wrist between 
the two portions of the annular ligament, on the radial side 
of the pisiform bone, it enters the palm of the hand where ' 
it terminates in the palmar arch, anastomosing with the supe'r- 
jicialis volse and radialis indicis of the radial. The line which 
the vessel describes is, Srst, a curve inwards from near the 
tubercle of the radius — marked in the living subject by the 
lower tendon of the biceps — to the junction of the upper and 
middle thirds of the ulnar, then directly downward to the 
pisiform bone. 

Relations. — The artery is deep in the upper third of the 
fore-arm, being covered by the superficial layer of muscles, 
but -in the lower two-thirds, it is superficial, being covered 
only by the integument and fascia, and by the tendon of its 
satellite muscle, the flexor carpi ubiarix, the muscle lying 
upon its inner or ulnar side. The ulnar n< 
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on the inner bide, for its lower two-thirds; at the wrist, it 
gets somewhat behind the artery. The venae comites, one on 
either side, aecornpaoy it throughout its whole course. 

If wounded, the vessel should be ligated in any portion of 
its course. The three following portions are most frequently 
operated on : 

T. At the Wrist. — The ligature is to be applied near the 
point at which the vessel terminates in the superficial palmar 
arch. (Plate II. Fig. 8) This is not a desirable operation, 
unless the vessel is here wounded. 

Operation. — The wrist being made prominent by extend- 
ing the hand, a slightly curved incision of about two inches, 
concavity looking inwards, is made on the radial side of the 
pisiform bone, through the skin and superficial fascia. The 
strong tendinous arch thrown over the vessel from the pisi- 
form bone should be divided on the groove director, and the 
artery isolated with the point of that instrument. The needle 
should be introduced from the ulnar side to avoid the nerve 
which lies somewhat behind the vessel. 

Explanation. — Plate II. figure 8, Arteries : a, th& artery; 
b, the ulnar veins ; c, the ulnar nerve. 

II. In the Lower Third op the Fore- Arm. — The 
artery is here covered by the skin and the superficial and 
deep fasciae, and lies rather under the edge of the tendon of 
the flexor carpi vlnaris, with the nerve on its ulnar side and 
the flexor sublimis digitorum on its radial side. 

Operation. — The arm is placed in the supine position, and 
the tendon of the flexor carpi ulnaris made prominent by ex- 
tending the hand. An incision, about two inches in length, 
divides the skin and superficial fascia along the radial border 
of that muscle. The deep fascia being divided on a director, 
the tendon of the flexor carpi ulnaris will be seen and must 
be drawn to the inner side. The artery will be found between 
its accompanying veins in a common sheath and the nerve on 
its inner side. The needle may be introduced from the inner 
side, but it will be found more convenient to pass it from the 
radial side, as the vessel is overlaid by the muscle. Mr. 
Holmes* consider it a matter of indifference whether the 
venae comites are included in the ligatures or not. Flexing 
the hand upon the fore-arm, during the operation, will facih- 
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tate the isolation of the vessel and the introduction of the 
needle. . 

Explanation.— Plate II. figure 9, Arteries, represents the 
parts exposed iu the operation : a, tendon ol the flexor carpi 
ulnaris;\ the satellite veins ; d, the artery between them; 
c, the skin ; e, the cellular tissue. 

III. In the Upper Third of the Fore-Arm. — Ihe 
tying of this artery in its upper third, where it is covered by 
the superficial layer of muscles of the fore-arm and the median 
nerve, is more difficult than either of the preceding opera- 
tions. For a wound at this .point, attended with serious he- 
morrhage, the operation should be performed without hesi- 
tation, Ligation of the brachial would fail, from its free 
anastomosis with the radial, in the hand, and also from that 
between its recurrent branches and the profunda arteries of 
the brachial. Both the upper and lower ends would be liable 
to bleed. This portion of the vessel makes a curve, with tlic 
convexity, towards the ulnar border, from near the tubercle 
of the radius to the border of the ulnar, at the junction of its 
upper and middle third ; thence, it passes down on the ulnar 
side of the fore-arm. It is covered, near its origin, by the 
semilunar fascia of the biceps, and crossed, obliquely from 
within outwards, by one head of the pronator radii teres and 
the median nerve, and lower down, it is covered by the other 
muscles of the superficial layer. The veins accompany the 
artery, but the ulnar nerve is not in relation with this por- 
tion. 

Opera/ion. — Place the fore- arm in a state of forcible supi- 
nation. A number of different incisions are advised iu this 
operation; the one preferred is that which crosses the course 
of the artery at the region operated on and runs nearly parallel 
with the intermuscular spaces. This incision should be about 
three inches in length and situated about one-fourth the width 
of the fore-arm from its ulnar margin. This will fall very 
nearly upon the natural division which exists between the 
flexor carpi ulnaris and flexor sublimis digitorum or when 
the aponeurosis has been divided, the operator will easily find 
it. The incision should be extended low euouo-h to reach the 
tendinous portion of these muscles, where the separation is 
distinct. The skin being drawn aside with hooks or bent 
spatulas, the surgeon continues the separation of the inter- 
muscular space upwards, using the. knife and director as he 
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apP 1 ' 1 awards their origin, if necessary. Continuing 

the separation outwards and working his way towards the 
radial border of the fore arm, he will find his linger beneath 
the flexor sublimis and resting on the profundus. Upon this 
last, the artery rests, about an inch- and a-half from the ulnar 
border of the fore-arm. The ulnar nerve will be first seen 
near the border, running parallel with the bone; this will 
i in finding the artery. In searching for the vessel, the 
operation will be greatly facilitated by flexing the fore-arm 
moderately and the hand strongly, so as to relax the muscles 
to be separated. When found, the artery should be isolated 
and the needle introduced from within outwards. 

Explanation. — Plate II. figure 10, Arteries : a, shows the 
flexor sublimis drawn outwards; 6, the ulnar nerve, running 
parallel with the bone at sonic distance from the portion of 
the vessel operated on ; a, the flexor caipi ulnaris drawn in- 
wards, so as to expose the artery ; d, the two venae comites ; 
t, the ulnar artery. 

In case of hemorrhage from a tjun-shot wound, the incision 
would, of course, be modified by the track of the ball. The 
use of the sound, applied as directed in a former paragraph, 
will be found to assist in reaching the opening in the vessel. 

IV. Near its Origin. — " If the ulnar artery be wounded 
near its origin, through the radial side of the pronator teres 
muscle," says Mr. Guthrie,* "an incision should be made 
through the integuments and the aponeurosis of the biceps 
muscle; the pronator muscle, being then exposed, is to be 
drawn inwards and downwards, or towards the ulnar, and the 
dissection continued until the median nerve is brought into 
view. The probe, introduced through the original wound, 
will lead to the artery — the pulsation of which will be felt 
and the bleeding seen. When the nerve crosses the artery, 
the vessel will be found above, to the radial side of it and 
to the ulnar side below. It may be tied above, without di- 
viding a single muscular fibre ; but at the point where the 
nerve crosses, and below it, some fibres of the pronator teres 
must be divided, and in some cases the whole of them, before 
the artery can be properly secured by two ligatures ; but this 
division is of little or no consequence, as the muscular fibres 
re-unite without difficulty." 



* Commentaries, p. 294, London, 1855. 
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The Kadial Artery.— As has been seen, the brachial 
artery bifurcates near the coronoid process of the uluar into 
the radial and ulnar arteries. The former of these, although 
the smaller of the two, runs more in the direction of the 
parent trunk. From its origin, the radial artery descends, 
along the radial side of the fore-arm to the wrist, nearly 
parallel with a line drawn, from the centre of the elbow to the 
base of the metacarpal bone of the thumb, immediately above 
which it winds round the outer surface of the carpus, de- 
scends a little beneath the extensors of the thumb, turns for- 
wards, passes between the heads of the first and second meta- 
carpal bones, and sinking deep into the hand, it becomes the 
deep palmar arch. The vessel is superficial throughout the 
greater portion of its course. In the upper third, it is over- 
lapped by the convergence of the pronator radii teres and 
supinator long us, which latter muscle accompanies the vessel 
on its radial side, from the elbow to the wrist, and is con- 
sidered its satellite. It has two venae comites; but the radial 
or musculo-spiral nerve is in relation with it on the outer side, 
only in its middle third. It can be reached anywhere in the 
fore-arm without the division of muscular fibres ; ligation is 
usually described, however, in but three places. 

I. At the Wrist. — At this point, the vessel winds round 
the outside of the carpus and crosses the external lateral liga- 
ment of the wrist ; then passes under the tendons of the ex- 
tensor metacarpi and primi internodii pollicis, between which 
and the tendon of the extensor secundi internodii it may be 
felt during life. The vessel may be tied at several points in 
this restricted region ; near the styloid process of the radius, 
while between the extensor tendons of the thumb — "sur- 
geon's snuff-box" — or just before it dips into the palm be- 
tween the two heads of the abductor indicia. None of the 
operations are advisable unless the vessel be wounded and 
bleeding at one of these points. As an expedient for arrest- 
ing hemorrhage from the palmar arches, it is unreliable — 
first, on account of the large inosculation between the radial 

and ulnar ; and, secondly, because the superficialis volae often 

a considerable branch — is given off above this region and would 
continue to supply the bleeding vessel after the ligation. We 
here describe one of these ligations— at the commencement of 
the palmar arch : 

Operation.— Determine the position of" the tendon of the 
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extensor secundi internodii by producing forced extension of 
the thumb ; make an incision, little over an inch in length, 
along its iuner border and parallel to it. The centre of this 
incision should correspond with the proximal end of the first 
interosseous space ; by dividing the deep fascia on a director, 
the artery will be exposed as it passes through the first in- 
terosseous space to reach the palm of the hand. Two veins 
accompany the artery. Isolate the artery with the needle or 
the director, and pass the ligature beneath it. Bringing the 
hand somewhat toward the radial side will facilitate the latter 
part of the operation. 

Explanation. — Plate II. figure 11, Arteries : a, the ex- 
tensor ossis metacarpi pollicis drawn inward to expose the 
vessel ; d, the extensor secundi internodii drawn outwards ; 
c, the artery exposed, with a ligature passed under it; b, venae 
comites. 

II. In the Lower Third op the Fore-Arm. — This is, 
perhaps, the ligation most easily performed in the whole body. 
The artery just above the wrist, and for some distance up the 
fore-arm, is superficial, covered only by the integument and 
the superficial and deep fasciae. It lies between the tendons 
of the supinator longus and the flexor carpi radialis, each of 
which is considered its satellite muscle. Its venae comites lie 
on either side of it ; but the radial nerve is not in relation 
with it, having diverged from it, four inches above the wrist, 
and passed under the supinator, to reach the posterior aspect 
of this region. The pulsations are" easily detected — it is " the 
pulse." 

Anomalies. — One of the anomalies of the radial, pertaining 
to this region, is so frequent, that it deserves mention, as it 
might cause embarrassment if not remembered. This vessel 
not unfrequently deviates from its normal course down the 
lower third of the fore-arm and winds over the radius, two or 
three inches above, the original course of the artery being 
continued by the superficial volae, a small branch compara- 
tively. In case such an anomaly should exist, and the object 
was to ligate the radial for bleeding iu the palm, the operation 
would, of course, fail, by the true vessel escaping ligation. 

Operation. — The «-m should be supinated. The line of 
the vessel may be traced along the inner margin of the tendon 
of the supinator longus, where the pulsation may be felt. In 
the groove between this tendon and that of the flexor carpi 
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radialis, the skin may be carefully divided for about two 
inches. The superficial veins and nerves crossing the wound 
should be drawn aside, and the fasciae divided on a groove 
director. The sheath of the vessel being exposed, it is care- 
fully divided, the artery isolated, and the ligature passed from 
within outwards. 

Explanation.^— Plate II. figure 12, Arteries : a, the deep 
fascia divided and drawn aside; c, the artery with' the liga- 
ture passed under it ; h, the vena; comites ; J, intended for 
the nerve, is an error of the cut from which the present has 
been taken; there is no nerve in that place. 

III. In the Upper Third of the Fore-Arm. — In the 
upper third of the fore-arm the radial artery is deeply seated, 
being overlapped by the belly of the supinator loii/jus on the 
outer side, rather overhung by that of the pronator radii term 
on the outer side. It can be reached, however, without the 
division of any muscular fibres. It is covered by the super- 
ficial and deep fasciae, and, with its vena> comites, rests upon 
the supinator brevis and lower portion of the pronator radii 
teres. The radial nerve has not yet joined the artery, and is, 
therefore, not interested in the operation. In making the 
incision, the median vein, which passes over it, should be 
avoided if possible. 

Operation. — To expose the vessel, make an incision aloDg 
the inner border of the supinator longus, of three inches in 
extent, beginning near the middle of the bend of the arm. 
The line of incision* may be made plain by putting the supi- 
nator in action in flexing the fore-arm. This will divide the 
skin and superficial fascia. It would be safer to divide the 
deep fascia on the groove director, and to pursue the isolation 
of the artery afterwards without the edge of the knife ; ordi- 
narily, the beating of the vessel will lead to its exact location. 
The supinator must be drawn slightly outward to expose the 
artery. _ The ligature is passed indifferently from without or 
from within. 

Anomalies. — The radial, it will be remembered, is subject 
to anomalies of origin and course. In the observation of Pro- 
fessor Quain, the high division of the brachial occurs in one 
case out of five, the vessel dividing anywhere between the 
armpit and _ its normal point of bifurcation below the elbow. 
The radial is not always deep seated, as above described, but 
vanes much in this respect ; it is even sometimes found on 
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the outside of the aponeurosis for a great portion of its course; 
fortunately, when this is the case, it can be detected. . Much 
circumspection is necessary in operations upon this vessel on 
account, of these various anoma 

Explanation. — i'late III. figure 13, Arteries, is a. greatly 
improved copy of the original which misrepresents the ope- 
ration ; a, intended to represent the supinator longus drawn 
aside ; A, is the artery exposed, with the ligature under it. 

The Palmar Arches. — It has been seen that, the ulnar 
artery., after passing the outer side of the pisiform bone, runs 
into the palm of the hand upon the tendons of the superficial 
flexor, and is covered by the pahnaris brevis and palmar fascia; 
that it crosses the hand towards the radial side, to unite with 
a branch of the radial, forming the svp< rficial palmar arch ; 
and further, that the radial artery also dips bettrcen the first 
and second metacarpal bones, to form the deep palmar arch, 
which rests upon the metacarpal bones and interosseous mus- 
cles, being covered by the flexor tendons of the hand, and 
freely communicating with the ulnar artery by a large inoscu- 
lating branch. Whenever either of these arches are wounded, 
ligation of cither, the radial or ulnar, has been found inade- 
quate to arrest the bleeding, on account of the perfect com- 
munity <>/ circulation, established through them, in all the 
vessels of the hand and fore-arm. 

Operations in the palm, with a dread that seems to be tra- 
ditional, are deprecated by most writers, on account of the 
large number of -nerves and tendons and of the thick fascia of 
the part. Tying both, the radial and ulnar, has been resorted 
to, often without success, on account of the free supply by 
the iutcrosseal artery; till finally, it is recommended, to ligate 
the brachial in case the bleeding cannot be suppressed by 
pressure. This is objected to by Mr. Guthrie, except after 
efforts have been made to reach the wounded artery in the 
palm. " When there is a large open wound, and the bleeding 
end or ends of the vessel can be seen, a ligature should be 
applied on each.'' When the search has been made by inci- 
sions, such as the nerves and tendons will allow, and we fail 
to find the bleeding point, he directs, that pressure at the 
wrist, on first one and then the other artery, be made, in order 
to detect the point of lesion. All the coagula should then be 
removed, "when a piece of lint, rolled tight and hard, bul 
a .i.e only sufficient to cover the bleeding point, should be 
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laid upon it. A second and a larger hard piece should then 
he placed over it, and so on, until the compresses rise so much 
above the level of the wound, as to allow pressure to be con- 
tinued and retained on the proper spot, without including the 
neighboring parts." 

Operation.— If the gradual compression above recommended, 
together with due pressure on the radial and ulnar arteries at 
the wrist, should fail to arrest the bleeding from the wound- 
in the palm, the same author advises that, the two muscles, 
forming, what may be called the web, between the thumb and 
fore-finger, should be divided, until the wounded artery can 
be seen. " If a man in opening an oyster," says he, " were to 
divide these muscles, by an accidental thrust of his knife, it 
would not be considered a serious accident, and yet, some sur- 
geons are dismayed if desired to divide them surgically, to 
expose this artery at the spot where it has been wounded." 

The Brachial Artery. — This vessel, the continuation of 
the axillary, commences at the lower margin of the teres major 
and latissimus dorsi muscles, it passes downwards, forwards and 
outwards, lying first on the inner surface of the arm, then on 
its anterior surface ; it descends below the elbow joint, where 
it sinks into a triangular fossa, bounded by the supinator longus 
and pronater radii teres, and terminates opposite the coronoid 
process of the ulna, by dividing into the radial and ulnar ar- 
teries. Throughout its entire course, the vessel is superficial, 
being covered only by the integuments and brachial aponeu- 
rosis. It rests successively on the triceps, coraco-brachialis, 
brachialis anticus and tendon of the biceps. To the inner 
aide, is the internal cutaneous and ulnar nerve ; to the outer 
side, the coraco-brachialis and biceps muscles. It is crossed 
very obliquely by the median nerve which rests upon it du- 
ring most of its course, but gets to its ulnar side at the elbow. 
It has two venae comites in its sheath, and the basilic vein 
also corresponds with its course. Ligation at three points 
may be described : 

I. At the Elbow. — In front of the elbow is a triangular 
space formed externally by the supinator longus and internally 
by the pronator radii teres. The brachial artery runs through 
the middle of this space, resting upon the brachialis anticus, 
having the median nerve half an inch to its inner side and the 
tendon of the biceps on its outer side. It is covered by the 
skin and superficial fascia and is separated from the median 
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basilic vein by the semilunar aponeurosis of the biceps. The 
/ ndon of $ is our satellite at this point; the artery on 

its inner side. 

Operation. — An incision, a little over two inches in lengtli, 
will be made along the internal edge of tbc tendon of the bi- 
.. inside the median basilic vein. This divides the skin ; 
tben carefully lay bare and put aside tbc vein which rests 
upon that aponeurotic expansion of the tendon of tbe biceps 
called its semilunar fascia. Make an opening into this care- 
fully; iutroducc the groove director and divide tbc aponeuro- 
sis' to the extent of the first incision. This exposes the ten- _ 
don of the biceps, sinking deeply into the triangular space 
tofore described ; feel ou its internal edge and the artery 
will certainly be perceived on the loosing of the tourniquet. 
It has a satellite vein on cither side, and the median nerve is 
arter or half an inch towards the ulnar side. Now flex the 
fore-arm a little to facilitate tbc isolation and introduction of 
the needlo, and then pass tbe ligature from within outwards, 
excluding the satellite veins. If the incision should be made 
about two inches higher up, it must be recollected^ that the 
median nerve is here in contact with the artery resting upon 
it, somewhat to its internal side. 

Explanation.— Plate HI, figure 14; e, the deep fascia; c, 
the tendon of the biceps; c, the artery at the inner side of 
the tendon, with the ligature passed under it; b, the median 
nerve; <?, the skin. . 

II. In the M i dim :: of the Arm.— The vessel lies in the 
in. per portion of its course to the inner side of the coraco. 
brachialis ; low< r down, on tbe inner side of the biceps, being 
somewhat overlapped by it. The nerve lies along the 

srnal and anterior side of the artery, and being exposed, 
is one of the best guides to the vessel after tbe aponeurosis is 
incised. The " directing line " given by Sabatier" for the 
whole vessel is from the middle of the axilla to a point just 
within the middle of the elbow. 'The vessel is sufficiently 
superficial to feel its pulsations in the living subject, winch 
is always a valuable guide. . 

Operation— Place the patient in a recumbent posture with 
the arm' abducted and rotated outwards, make an incision 
about three inches long, in a line with the inner edge of the 
bleeps muscle, through the integuments and superficial fascia, 
takin« -arc to avoid, as much as possible the superficial Ves- 
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sels and nerves; cut through the aponeurosis on a direc- 
tor and separate the artery from the median nerve which will 
be found here, lying somewhat above and in front of it, and 
from the venaa comites. The vessel is secured in the usual 
manner. 

Explanation.— Plate III. figure 15 ; d, the biceps muscle 
drawn aside to expose the artery ; h, the median nerve drawn 
up with a blunt hook ; c, the artery ; a, the venae comites. 

III. In the Upper Third of the Arm. — The vessel, 
as we have seen here, lies to the inner side of the coraco-bra- 
cialis muscle, and somewhat upon its brachial attachment. 
The median nerve is on its outer, and the ulnar nerve on its 
inner side. The other relations are not altered. 

Operation. — The incisions, made as in the last operation, 
are carried along the inner border of the coraco-brachialis 
muscle for about two and a half or three inches. The vessel, 
should be isolated with the needle or director and the ligature 
passed so as to exclude everything but the artery. 

Anomalies. — As the brachial artery frequently divides high 
up in the arm, into the radial and ulnar arteries, it may hap- 
pen that the operator, in performing any of the preceding 
operations, will meet with two vessels running parallel, or 
may possibly meet with but one, and that perhaps, the vessel 
which does not require the ligature. This will remind the 
surgeon of the necessity of ascertaining always, by compress- 
ing it between his fingers, previously to tightening his ligature, 
whether the vessel, he is about io tie, commands the bleeding 
or aneurismal pulsation, as the case may be. Should it do so, 
the artery may at once be secured. Iu this anomaly it may 
be necessary to tie both vessels as they frequently communi- 
cate by a transverse branch in their course down the arm, 
which would render the tying of one, perfectly useless. I 

In the arm, much more even than in the lower extremity, 
does the necessity always exist of tying the wounded vessel at 
the seat of lesion with two ligatures, one to the upper and one 
to the lower end of the open artery. The anastomosis in the 
upper extremity is so abundant that there is scarcely ever any 
danger that the nutrition of the limb will not be kept up, but 
on the other hand, in case of a bleeding wound, or even in 
true aneurism, ligation in the continuity of the vessel, is apt 
to fail on account of the too abundant collateral circulation, 
establishing a refluent stream, which in the case of the wound, 
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flows out of the lower end, and in the case of aneurism pre- 
vents the changes necessary for its cure. In several cases 
of secondary hemorrhage, in which the Hunterian operation 
was chosen with the view of controlling the Inflammation in 
the fore-arm and hand, all but one of the operations was fol- 
lowed by recurrent hemorrhage. In primary hemorrhage the 
brachial artery should never be tied except at the seat of 
lesion. 

The Axillary Artery. — The axillary artery, the con- 
tinuation of the subclavian, commences at the lower margin 
of the first rib, from which it passes downwards, outwards 
and backwards, across the axilla and along the inner and 
upper part of the arm, until it arrives at the lower margin of 
the tendons of the teres major and latissimus dorsi muscles, 
where it becomes the brachial. In this course, it forms a 
curve, the convexity of. which is turned upwards and out- 
wards. It is closely accompanied by the axillary or brachial 
plexus of nerves, and by the axillary vein, which last lies, at 
first to the inner side, and then in front of the artery, ob- 
scuring it from view. Near the middle of the axilla, it is 
embraced by the two heads of the median nerve. The vessel 
is crossed in its course by the narrow portion of the pectoralis 
minor muscle, passing to its coracoid attachment. This has 
resulted in its division, for the purposes of description, into 
three portions, viz : 1st, that above the lesser pectoral muscle, 
and just lelow the clavicle; 2d, that under or behind the 
muscle ; and 3d, that below the lesser pectoral muscle. This 
vessel may be tied in its first and third stages only, either for 
the cure of aneurisms, or in cases of wounds in these situa- 
tions. 

I. Below the Pectoralis Minor. — In this portion of 
its course the axillary artery extends from the lower edge of 
the pectoralis minor to the inferior edge of the latissimus dorsi 
and teres major tendons. It here* rests on the insertion of the 
subscapulars muscle ; and below this, on the tendons of the 
latissimus dorsi and teres major ; a plexus of veins covers it, 
as in the second stage, the axillary vein lying in front of the 
artery, and the branches of the brachial plexus of nerves are 
related to it as follows : to its outer side are the median and 
external cutaneous ; to its inner, the internal cutaneous and 
ulnar ; and behind it are the musculo-spiral and circumflex 
nerves. It is covered by the integuments and pectoralis major 
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muscle, and may be exposed from the_ axilla, by cutting 
through the integuments and axillary fascia only. 

Operation.— Place the patient in the recumbent position, 
with the arm rotated outwards, raising it from the side; make 
an incision in the line of the artery, about three inches in 
length, through the integuments and fascia, and opposite the 
head of the humerus, between the folds of the axilla, but a 
little nearer to the posterior one ; tear cautiously through a 
quantity of loose cellular tissue, and the axillary vein or veins, 
with the branches of the brachial plexus of nerves, will be 
exposed, concealipg the artery. Great caution must be used 
now in isolating the vessel, to avoid wounding the vein which 
lies before it, and is the first object which meets our view. 
The vein must be pushed backwards with the brachial plexus. 
The median nerve must then be sought for, and on the inner 
side or beneath it, the artery is found. The pulsations of the 
vessel are valuable in guiding to its position. In, order to 
isolate the artery, the elbow must be bent so as to relax the 
nerves, and permit their more easy separation from the vessel 
The needle must be passed from behind forwards. In case 
any small arterial branches are cut in the first incision, they 
should be tied, or torsion applied, to prevent embarrassment 
to the sui'geon. 

Explanation. — Plate III. figure 16, Arteries : </, the coraco- 
brachialis muscle; b, the skin divided; a, the axillary vein; 
c, the median nerve ; e, the internal cutaneous nerve ; d, the 
ulnar nerve ; /, the artery. 

II. Below the Clavicle. — This operation is frequently 
improperly referred to as ligation of the subclavian below the 
clavicle. It is properly ligation of the axillary in its first 
stage. As the number of gun-shot wounds of the shoulder 
has been found to be great, the necessity for ligations of ^he 
axillary is therefore frequent. The present operation requires 
deep cutting, but when the. vessel is wounded in this portion 
of its course, ligation of the subclavian above the clavicle, 
though an operation so much easier, will not answer the pur- 
pose of restraining the hemorrhage. In its first stage, the 
artery lies above the pectoralis minor muscle, and is covered 
by the great pectoral and a dense fascia," the costo-coracoid 
membrane from which the vessele emerges, as it passes from 
under the clavicle. It is separated from the pectoralis major 
by a layer of adipose tissue containing numerous small veins 
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and arteries. The axillary vein is situated in front and to the 
inner side of the artery, but is not in immediate contact with 
it in this portion of its course. More superficially the cephalic 
passes upward iu the intermuscular space between the 
deltoid and pectoralis major, crossing the axillary artery just 
above the superior border of the pectoralis minor, and empties 
into the axillary vein. The nerves of the brachial plexus lie 
behind and somewhat above the artery ; the superficial tho- 
racic nerve crosses the course of the artery, sometimes in frons 
and sometimes behind, to be distributed to the pectoralis 
major muscle. 

Explanation. — Plate IV. figure 17, Arteries, is a repre- 
sentation of the surgical anatomy of the region above de- 
scribed, taken from the work of MM. Bernard and Huette. 
A portion of the clavicle has been sawn through, and the 
upper part of the pectoralis major cut away to expose the 
vessel and its relations ; j\ the pectoralis minor muscle ; i, the 
pectoralis major cut away with a portion of the clavicle; «, 
the suprascapular artery, a small branch of the subclavian, 
crossing the base of the neck and brachial nerves just vbove 
the clavicle ; u, the brachial nerves ; c, the brachial plexus ; 
A, the axillary vein on the inner side of the artery, with the 
cephalic vein emptying into it ; </, the axillary artery, as it 
emerges from under the clavicle, with the vein in front and 
the nerves behind it ; /, the sterno-mastoid muscle, with the 
external jugular vein passing down over its surface ; d, the 
omo-hyoid muscle. 

Operations. — Four methods of performing this operation 
have been in practice. 1st, the ordinary method of cutting 
through the pectoralis major, by a nearly transverse incision; 
2d, Desault's method; 3d,'Lisfi-aug's method ; and 4th, Cham- 
ber ,ayne's method. 

1 st. The Ordinary Method.— -The muscles of the shoulder 
being perfectly at rest, the elbow slightly separated from the 
trunk, and the head inclined to the opposite side, an incision, 
three inches in length, is made about three-quarters of an 
inch below the clavicle, and parallel with it. This incision 
divides the skin, platysma and subcutaneous cellular tissue, 
and extends from the septum, between the deltoid and p ecto- 
ralis major, to within two inches of the sterno-clavicular artic- 
ulation The muscular fibres of the pectoralis major are 
successively divided and pushed aside, till the posterior fascial 
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investment of this muscle is brought into view. The shoulder 
should now be depressed to favor the separation of the edges 
of the wound, and the fascia torn through with the point of 
the director. When the finger is now introduced into the 
wound, to press downwards and outwards the pectoralis minor, 
by feeling carefully, the following parts will be recognized : 
1st, the axillary vein distended with blood ; 2d, the axillary 
artery pulsating, farther on the outside and behind the vein ; 
the nerves of the brachial plexus, still higher up and farther 
behind ; the needle is introduced between the vein and the 
artery, and it is important that the vein should be pressed to 
the inner side with the finger, in order that it may be pro- 
tected from injury from the point of the director or needle. 

Malgaigne thinks this is one of the most difficult of all liga- 
tions. Dupuytren was obliged to tie, on one occasion, twelve 
or thirteen small vessels before he reached the axillary artery. 
Many of these small vessels, however, though they spirt freely 
when first cut, cease bleeding if compressed, for a little while, 
between the finger and thumb. In extirpation of the mamma 
they seldom require ligation. 

2d. Desault's Method. — This has been modified by Delpech 
in which form we here present it. Lay the patient on his 
back, with his arm separated from his body, at an angle of 
about 45 degrees ; make an incision through the integuments 
two inches and half long, commencing beneath the clavicle, at 
the union of the external and middle third, and descending 
obliquely towards the humerus in the direction of the inter- 
stice mentioned in the last operation. Separate and strongly 
draw apart, the deltoid and pectoralis major, and the pectoralis 
minor will be exposed, divide it completely near its insertion 
into the coracoid process. Then carry the index finger to the 
bottom of the wound and follow the surface of the serratus 
magnuB until stopped by the scapula ; then bring back the 
finger bent, pressing it between the subscapularis and the en- 
tire mass of nerves and vessels and raise them on it to the 
surface of the wound. The artery is seen at once, exposed 
just before it passes between the roots of the median nerve, 
having the vein on its internal side and almost all the plexm 
on its outer side. It is now easy to press the director or 
needle under it. In this operation, we must look for the supe- 
rior thoracic artery, the first branch of the axillary, which 
passes in front of the pectoralis minor, to the walls' of the 
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chest, and secure it either before or after its division, as its 
bleeding would embarrass the operation. 

3d. Lisfanc's Method consists in giving an oblique direc- 
tion to the incision downwards and outwards, following the 
interstice between the sternal and clavicular portions of the 
pectoralis major, the arm being strongly abducted to make 
the depression more apparent. This plan has the advantage of 
not dividing any of the fibres of either muscle, but it is said 
not to expose the artery high enough up, which renders the 
operation difficult. It is also suggested by Malgaigne that 
the contraction of the pectoralis major would prevent the free 
discharge of pus, and favor the formation of abscesses and 
sinuses. 

4th. Chamberlaync's Method. — Make an incision three 
inches in length below the clavicle, and join it by another of 
the same extent, corresponding with the intermuscular space 
between the deltoid and pectoralis major. It will be seen 
that this method unites the incision of the ordinary method, 
viz : make the first incision three-quarters of an inch below 
the clavicle, beginning .two inches from its sternal end and 
terminating at the muscular interspace between the deltoid 
and pectoralis major — make the second incision three inches 
in length along the muscular interspace between the deltoid 
and pectoralts major. The result of these two incisions is a 
triangular flap which is turned downwards in proceeding with 
the operation. The clavicular portion of the pectoralis major 
being detached in this flap, and the cellular tissue overlying 
the vessels torn through, the search should be made first for 
the vein which is most anterior — this is the infallibe, land- 
mark — drawing the vein gently inwards we find the artery 
pulsating to the outer side and a little behind it. The nerves 
are seen still further outwardly and further still, behind the 
artery. The needle, of course, is introduced between the vein 
and artery, avoiding the nerves lying behind the latter. 

Explanation.— Plate IV, figure 18, arteries, is intended to 
represent Chamberlayne's operation. The line of incision, 
however, does not correspond with our description, g and b ; 
the"~clavicular portion of the pectoralis major cut through and 
detached and turned down; the cellular tissue being torn 
through c ; the pectoralis minor is exposed also ; d, the mar- 
gin of the deltoid muscle ; e, the axillary artery, with a, the 
vein, lying in front, and/, the brachial nerves, lying outwardly 
and behind. 
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As Applied to Wounded Arteries. — Of the four methods 
described, Chamberlayne's will be found most frequently the 

preferable operation. The double incision exposes the v< 
better and affords room for the movements necessary to in# 
troduce the ligature. In any of the methods, the operator 
will find great advantage in the use of bent spatulas to draw 
the lips of tht wound apart, and that changing the position 
of the limb in the several stages of the operation, will relax 
the muscles and facilitate the isolation of the vessel and the 
introduction of the needle. In gun-shot wounds it is well 
to consider in each case, before the operation begins, the 
possible necessity, as the procedure advances, of having to 
modify its method, on account of the development of the 
individual character of the wound. Thus, an operation, be- 
gun on DesauWs method, with the incision along the inter- 
muscular space, may be changed to Chamberlayne's by add- 
ing the horizontal incision of the ordinary method ; and so, 
the ordinary method, after being begun, may be also ehan 
to Chamberlayne's by adding Desault's incision along the 
line above mentioned. Again, we may find, after removal of 
the clots form a diffused aneurism in this region, that the 
wound is below the pectoralis minor ; in that case the division 
of the muscle, as described in Delpech's modification of De- 
sault, may be found necessary to get at the wound. It must 
be recollected, as we have said in the first portion of this 
chapter, that all these descriptions refer to ligations for true 
aneurism, somewhere below the point of ligation ; when they 
come to be applied, in the case of arterial lesion, or still worse, 
in th« cure of diffused aneurism, the altered circumstances 
may embarrass and disconcert the operator, unless he has ma- 
turely deliberated on all the possibilities of the operation he 
has gone into. Balls which wound the axillary artery most 
frequently pass through the shoulder, making a complete trad;. 
When this is the case, the surgeon can have the advantage of 
the introduction of the sound, as recommended on page 123, 
to re-establish the track in the same manner as though the 
missile had passed through the limb lower down, or through 
the thigh or leg. In case of wounds, there will be found 
large quantities of clot and matted tissues about the vessel, 
which will obscure and confuse the parts, to an embarrassing 
degree. The surgeon should secure the most intelligent and 
reliable 01 F his assistants, to compress the subclavian artery. 
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a 1 1 passes over the first rib, and in case the compression 
cannot be made effectual without it, it ban been recommended 
by some to make an incision above the clavicle, as if to expose 
that vessel so as to allow the finger to come in contact with it. 
This certainly cannot often be necessary. 

The Subclavian Artery — The subclavian artery; 
on the right side, from the arteria innominata, opposite the 
no-clavicular articulation; and, on the left, from the arch 
of the aorta; these two vessels, therefore, necessarily differ, in 
the first part of their course, in their length, theic direction, 
and their relation to surrounding parts. These differences 
will be considered, when necessary, in connection with the 
description of the several operations. The vessels ascend 
from their respective origins, pass between the sealeni mus- 
cles, and curving in the form of an arch, cross the first rib, at 
the lower border of which, they take the name of the axillary 
arteries. This short trunk has been divided, for the purposes 
of description, into three stages : the first or ascending, ex- 
tends from the origin of the vessel to the inner border of the 
scalenus anticus mincle; the second or transverse, or middle 
stage, is the portion of the vessel which lies between the 
sealeni muscles 5 while the third or descending stage, extends 
from the outer border of the scalenus anticus muscle to the 
lower margin of the first rib, when the vessel terminates in 
the axillary artery. It has been ligated in each one of these 
three stages. 

I. Outside tit!', Soaleni Muscles. — In its third stage, 
the subclavian artery lies in ^e posterior inferior triangle of 
the neck, bounded by the orrro-hyoid muscle externally, the 
sterno-mastoid and scalenus anticus muscles internally, and 
the clavicle interiorly ; it is covered only by the integuments, 
platysma and a quantity of cellular membrane, which contains 
several branches of the cervical and brachial plexus, the sub- 
clavian, external jugular, and other veins, and the transversali.s 
colli and humeri arteries; it rests on the first rib, which sepa- 
rates it from the pleura ; thebrachial plexus lies above and 
posterior to it; the subclavian vein lies anterior and inferior 
to it. 

Operation. — This portion of the artery is the most favora- 
ble for the application of the ligature. To secure itMn this 
situation, plaee the patient in the horizontal position, with the 
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head and neck turned towards the opposite side, and the 
shoulder depressed as much as possible ; the skin over the 
parts being drawn down upon. the clavicle, so as to have a 
firm surface to cut upon, make an incision along the clavicle, 
commencing at the outer edge of the sterno-mastoid muscle, 
or a little internal to the centre of the bone, and terminating 
near its acromial end at the anterior border of the trapezius 
muscle; in this, the integuments, platysma, and a few of the 
supra-clavicular branches of the cervical plexus will be divided. 
A quantity of loose cellular tissue is now exposed, filling the 
posterior inferior triangle of the neck ; in this are contained 
some branches of the cervical and brachial plexuses, lymphatic 
glands and a number of small veins, crossing from the poste- 
rior part of the neck, to terminate in the external jugular 
vein, which lies close to the outer margin of the sterno-mastoid 
muscle. Tear through the cellular tissue, taking care to 
avoid, if possible, the several parts just mentioned, especially 
the external jugular vein. In some subjects, the clavicular 
portions of the sterno-mastoid muscle encroaches on the space, 
and will require partial division. 

On continuing the dissection more deeply, the omohyoid 
muscle will be brought into view, crossing the upper part of 
i\\Q space ; this being drawn upwards, the subclavian nun 
and transversalis humeri artery will be exposed in the base 
of the triangle, and the transversalis colli artery in its apex ; 
separate these parts, and expose the outer edge of the scalenus 
anticus muscle ; pass the finger downwards along this, and it 
will thus be conducted to the subclavian artery, where it rests 
on the upper surface of the fiwt rib. As the brachial plexus 
lies in close contact with the artery, it is possible that one of 
its branches, and most likely the central one, from its running 
a long course before it joins the plexus and from its proximity 
to the artery, may be mistaken for the subclavian artery. 
"Detach the artery from its surrounding connections, and pass 
the aneurism needle from below upwards and a little from 
within outwards. Sometimes it is difficult to pass the needle 
in this direction from the position of the clavicle; it may then 
be passed in the contrary direction. Throughout the opera- 
tion, the subclavian vein must be remembered and carefully 
avoided, both in making the incisions and in introducing the 
ligature. After the first incision, the knife should be aban- 



LIGATION OF SUBCLAVIAN AKTERY. 147 

doned, and the operation continued with the handle or the 
director as much as possible; if the knife is required at all, it 
should be used only on the groove director. 

If the external jugular is cut, it must be pressed by the 
fingers of an assistant at both ends for a while, till the bleed- 
ing is arrested, or ligatures may be applied, to be removed 
after the operatiou is completed. The upper end is apt to 
bleed profusely, and a greater danger attends the lower end, 
which being open, air is sometimes drawn through it into the 
heart, when the patient dies instantly.* Should the trans- 
versalis humeri or colli artery be wounded, they should be 
sought for and tied at once, for their bleeding would not only 
embarrass the operation, but weaken the patient — they are of 
considerable size. 

Explanation. — Plate IV. figure 19, Arteries : a, the bra- 
chial plexus, above and behind the artery; b, the artery; 
c, the subclavian vein, in front and sfJKewhat below the 
artery ; d, the border of the scalenus muscle, with the artery 
emerging from behind it — the vein should have been repre- 
sented in front of the muscle; e, the external border of the 
steruo-mastoid muscle. Figure 17, on the same plate, repre- 
sents a dissection of the parts, together with a portion of the 
axillary artery, the clavicle being sawn away. 

Different Methods. — The operation we have described is 
very nearly that recommended by Lisfranc. He recommended 
the division of the external portion of the sterno-mastoid, and 
advises that the external jugular should be drawn inwards, 
with a blunt hook, to keep it from being injured. The tubercle 
of the first rib is his " rallying point" in finding the artery — 
we prefer the scalenus anticus, which conducts us to it — the 
elevation on the rib is occupied by the insertion of the muscle, 
and cannot always be felt. Roux has proposed an incision 
perpendicular to the clavicle, Marjolin, a J_ incision with the 
base inferior, and Physic a V incision. The operation de- 
scribed above, besides the great advantage of simplicity, we 

* We witnessed the death of a valuable horse, some years ago, 
from this eause. The ordinary phleme not being at hand, a thumb 
lancet was used, which, in passing out, opened the orifice, or ele- 
vated one edge of it — a peculiar gurgling was heard for a moment, 
when he fell down and died instantly, from the air being sucked 
into the right auricle of the heart. 
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have found it to expose the vessel sufficiently to answer all 
useful purposes. 

II. Between the Scaleni. — In the second or middle 
stage, the subclavian artery rests on the scalenus roedius 
muscle and the cone of the pleura; the brachial plexus lies 
above and posterior to it; in front of it are the integuments, 
platysma, sterno-mastoid and scalenus anticus muscles; on 
the anterior surface of this last are the subclavian vein, the 
transversalis colli and humeri arteries, and the phrenic nerve, 
which runs parallel with and in front of the scalenus anticus 
muscle. 

Operation. — The patient must be placed as in the pre- 
ceding opei-ation. Make an incision about three inches long 
and a little above the clavicle, commencing at a short distance 
from its sternal end ; divide the integuments, the platysma, 
the fascia, and the clavicular portion of the sterno-mastoid 
muscle, the last m the director; the subclavian vein, trans- 
versalis colli and humeri ai'teries are exposed; and the phrenic 
nerve on the anterior surface of the scalenus anticus muscle. 
These several parts having been drawn out of the way, pass 
a director behind the scalenus anticus muscle and divide it; 
the subclavian artery will now be brought into view; pass the 
aneurism needle from below upwards, taking care to avoid 
the cone of the pleura, which lies behind the artery, and the 
brachial plexus of nerves. 

III. Within the Scaleni. — The difference in origin, 
length and direction in the arteries of the two sides has given 
rise to a corresponding diversity in the relations of their first 
portion. The first portion on the right side is in relation m 
front with the internal jugular and vertebral vein, and is 
crossed by the pneumogastric nerve, phrenic nerve, and one 
or two branches of the sympathetic. Behind and beneath, it 
is invested by the pleura, is crossed by the right recurrent 
laryngeal nerve, and is in relation further b.ack with the sym- 
pathetic nerve, lougus colli muscle, and transverse process of 
the seventh cervical vertebra. The first portion on the left 
side is in relation in front with the pleura, internal jugular 
vein, vena innominata, and pneumogastric and phrenic nerves, 
which lie parallel to it. To its inner side is the left carotid 
artery, trachea, oesophagus and thoracic duct; to its outer side, 
the pleura; and behind, the oesophagus, thoracic duct, longus 
colli and vertebi'al column. 
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The chief points of difference may thus be summed up : 
right arises from the arteria innominata, the left from the a 



the 
„ arch 
of the aorta ; the right is larger but shorter than the left, is 
more superficial and takes a more transverse course, and dif- 
fers in its relation to the par vagum and vena innorninat;t ; 
the left only is related to the thoracic duct and oesophagus 
and is more closely connected with the pleura, 

This operation on both the right and left side has been al- 
most abandoned by the profession, even for aneurism, on ac- 
count of the small space allowed on the right side for the for- 
mation of the occluding clot, and the almost insurmountable 
difficulties presented on the left, in the isolation of the vessel. 
Brasdor's distal ligation is recommended in cases of aneurism 
when ligation in the first stage is debated, so difficult has the 
operation been found, and so uniformly fatal has been the re- 
sult. In the case of gun-shot wounds, it is not probable that 
our surgeons would have the trying opportunity of ligating 
the first portion of either the right or the left subclavian, as 
any wound which would involve this portion of the artery 
would be so speedily fatal, generally, as to allow no time for 
such an operation ; indeed, we know of but one contingency 
under which the military surgeon might have to consider the 
necessity of operating on the subclavian artery within the 
scaleni as a consequence of any of the casualties of battle ; 
that is, in case a ball, in passing through this portion of 
the body, should brush or graze the artery somewhat beyond 
this place, so as to weaken its coats and give rise to the form- 
ation of a circumscribed traumatic aneurism. Even in this 
rare case, we would not advise the operation. Brasdor's plan 
to ligate beyond should be here applied to the third portion 
of the subclavian, or, if it should be on the right side, even 
ligation of the innominata, hopeless as it is, would be a prefer- 
able operation. Here, however, arc the directions as we have 
condensed them from one or two systematic works, for the 
guidance of any one who may conceive it his duty to perform 
either of these operations : - , 

Operation on the Right Side.-The patient is to be placed 
upon his back, with his chest moderately elevated^ his head 
turned to the opposite side, and the shoulder carried down- 
wards and backwards as much as practicable, in order to make 
tense the skin fascia and muscles. Make an incision about 
three inches in length along and a little above clavi 

the cle. 
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commencing at its sternal end ; from the inner extremity of 
this, carry another along the external margin of the sterno- 
mastoid muscle to the extent of about two inches and a half; 
in these incisions, the integument platysma and fascia are di- 
vided ; raise a triangular flap so as to expose the lower part 
of the sterno-mastoid muscle, behind which pass a director 
and cut through it ; the sterno-hyoid and sterno-thyroid are 
now exposed, with a few branches of the descendens noni 
nerve; they may be divided in like manner, and drawn in- 
wards. By a little farther dissection, the right vena innomi- 
nata, formed by the junction of the internal jugular and sub- 
clavian veins, is exposed. Tear through some cellular sub- 
stance found here and the artery will be brought into view. 
Now draw the par vagum, recurrent nerve and the sympa- 
thetic filaments to the inner side, (if they are drawn to the 
outer side the recurrent nerve will certainly get under the 
ligature,) depmss the vena innomioata towards the thorax, and 
pass the aneurism needle from below upwards, taking care to 
avoid the parts which lie behind the vessel. It is seldom that 
the phrenic nerve is exposed in performing this operation, as 
it lies either on or close to the scalenus anticus muscle. There 
is only a space of about three quarters of an inch between the 
origin of the vessel and the place where it gives off its branches, 
where the vessel can be safely reached. The ligature should 
be applied about midway between these two points, or per- 
haps a little nearer the first branch, so as to allow as much 
space as possible for the formation of the internal clot. It has 
been suggested by Mr. Hay den to ligate the common carotid 
at the same time, so as to secure, if possible, the obliteration of 
the arteria innominata by arresting the circulation in both its 
branches. 

On the Left Side. — The operation on the left side does not 
differ so much from that on the right as to require a separate 
description. On this side it will be recollected, that this por- 
tion of the vessel is more intimately connected with the pleura; 
has the subclavian vein in front of it and the thoracic duct 
behind it. The operation has been performed two or three 
times, and the nearest approach to success, so far as we re- 
member, was the case of Mr. Colles, of Dublin, whose patient 
survived the operation about nine days. Sir Astley Cooper 
had to abandon the operation once on account of its ereat 
difficulty. b 
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Ligations of the subclavian, even in the external third of 
its course, cannot -be regarded as a very reliable means of ar- 
resting hemorrhage from gun-shot wounds of the axillary or 
its branches. JM r. Guthrie deprecates the operation in he- 
morrhage, except in cases where the artery is wounded at the 
'point ligated, and one of his precepts is: "Never commit the, 
error of ligating the subclavian above the clavicle, for a wound 
of the axillary below it." The circles of anastomosis are very 
abundant around the shoulder, and the communications large, 
amounting to inosculations. The re-establishment of the cir- 
culation may, therefore, be expected to be rapid, and bleeding 
is apt to follow quickly by the refluent current. The opera- 
tion is of great value in axillary circumscribed aneurisms, but 
not to be trusted in axillary traumatic hemorrhage. 

Branches. — Some of the branches of the subclavian are of 
sufficient size to require ligation when wounded and accessible 
to the surgeon. Operation^ on the internal mammary and 
the inferior thyroid are selected for description. 

I. The Internal Mammary Artery. — This vessel, aris- 
ing from the under surface of the subclavian, nearly opposite 
the point where the vertebral is given off, passes downwards 
and forwards behind the phrenic nerve, and enters the cavity 
of the thorax to its outer side. It has a long course in the 
thorax, descending along the outer margin of the anterior 
mediastinum, behind the sternal extremities of the costal car- 
tilages ; it is covered by the triangularis sterni muscle and 
the pleura till it arrives at the diaphragm. It here enters 
the sheath of the rectus and descends in it along the poste- 
rior surface of the muscle, and finally, arriving opposite the 
umbilicus, terminates by anastomosing with the epigastric, a 
branch of the external iliac. Dr. Harrison has remarked upon 
the number of the inosculations of this artery and the dis- 
tant parts of the arterial system which they serve to connect. 
The two arteries anastomose with each other, and their inos- 
culations with the aorta, completely encircle the body, and, 
besides other inosculations, they connect the main trunk of 
the superior with that of the inferior extremity. 

Operation.— This vessel may require ligation in penetrating 
wounds of the chest, when the operation may be performed 
as follows • It may be tied best in the second, third or fourth 
intercostal space in case of a wound. Make an incision in 
cither one of these spaces, beginning at the edge of the ster- 
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nuni, and carrying it outwards, for the distance of an inch and 
a half or two inches, along the middle of the space between 
the costal cartilages. Divide the intercostal muscle cautiously 
on a director; the artery will be found lying upon its aponeu- 
rosis, which is stretched between the ribs; it is easy to isolate 
it from the veins and to tie it without injuring the pleura. 
If the'vessel is wounded higher up, it may be tied, as recom- 
mended by Scarpa, between the first and second ribs, in which 
case the pectoralis major will have to be divided, as well as 
the intercostal muscle. In this position, it lies very close to 
the edge of the sternum, which increases the difficulty of the 
operation. 

II. The Inferior Thyroid Artery. — The thyroid axis, 
of which this vessel is a branch, arises close to the inner 
border of' the scalenus anticus muscle. The inferior thyroid 
ascends obliquely, in rather a serpentine course, behind the 
sheath of the carotid vessels, aud#in front of the longus colli 
muscle, to the inferior and posterior pari of the thyroid body, 
to which it is distributed. 

Operation. — Sir Everard Home recommended the ligation 
of these vessels, together with the superior thyroids, branches 
of the external carotid, for the cure of bronchocele ; the ope- 
ration has long since been abandoned for this purpose, on 
account of its difficulties, and still more on account of the 
unsuccess attending the practice.* Place the patient in the 



* In these cases the cause of failure is, that the abundant aDRS- 
tomosis of the supplying arteries soon' re-established the excess of 
nutrition, and the tumor continued to grow, because its feeder could 
not be permanently cut off. Indeed, so long as a part exists, we can- 
not permanently diminish its blood supply, and hence, whenever the 
case depends upon that, it fails — the collateral circulation in time 
certainly enlarges, so as to be adequate to even the morbid appetite 
of the hypertrophic parts. The measure of ligation, as applied 
to inflammation, is different; here the. morbid demand for blood is 
evanescent, existing only so long as the causes of irritation at the 
wound remain — if its feeder, the main trunk, is cut off, the diminu- 
tion in the supply, though not permanent, is not required to be — 
still it is sufficiently so to allow of the recovery of the parts, before 
the collateral circulation can be fully established. If infhimmation 
was of a nature to demand for its cure the permanent diminution 
of the blood-supply, then ligation of the main trunk would be of 
no avail. It is most fortunate, in the general interests of humanity, 
Uiat We ■• anaot cure tumora and other morbid conditions •' 

i 
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recumbent posture ; then, turning the head towards the oppo- 
site side and moderately extending the neck, make the inci- 
sion, about three inches in length, along the inner edge of the 
sterno-mastoid, commencing close to the sternum. All the 
steps in the operation are nearly the same as those necessary 
to reach the primitive carotid in its first stage, to be described 
presently. The sheath and its contained structures are drawn 
aside with a blunt hook or curved spatula, and the vessel will 
be found behind it, ascending by the side of the trachea to 
reach the thyroid body. The inferior or recurrent laryngeal 
nerve, lying behind it, must be avoided in the application of 
the ligature. 

The Arteria Innominata. — Ligation of the arteria in- 
nominata, like that of the subclavian in its first stage, experi- 
ence has so far shown to be a hopeless and useless operation. 
Nine failures in the one case and seven in the other have 
served to secure for them general condemnation, and con- 
vinced the profession of their inutility. 

The arteria innominata is the first branch given off from the 
arch of the aorta, being the common trunk of the right carotid 
and subclavian arteries, into which it bifurcates. It is generally 
not more than an inch and a half in length, and ascends ob- 
liquely from the right side of the arch of the aorta, to the 
right sterno-clavicular articulation. It has, in front of it, the 
sternum, the sterno-hyoid and sterno-thyroid muscles and the 
left vena innominata or transverse vein, which crosses it. On 
the right side, the right vena innominata and the pleura ; on 
the left, the left carotid and the remains of the thymus gland; 
behind, the trachea and right pneumograstric nerve. 

Operation. — The patient is laid on his back, his head thrown 
backwards, with his face inclined a little to the left shoulder. 
The surgeon stands on the right side and makes a horizontal 
incision from the median line of the neck, directed outwards 
for two and a half inches, at about half an inch above the 
clavicle. Another incision of the same length traces the m- 



possession of that power would involve a denial to us of one far 
more important, viz : that of lifting to cure aneunsm and to arrest 
hemorrhage-for, in that case, wherever the main trunk of a limb 
was ligated, for any object whatever, its nutrition would be perma- 
nently destroyed, and the organ it supplied would consequently 
perish. 

7* 
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teroal border of the right sterno-niastoid, and falls on the ex- 
tremity of the first. In the same direction the sternal end of 
the muscle is cut, and most of the clavicular portion also, 
■which is turned upward and outward. The sterno-hyoid and 
sterno-thyroid ore cut on a director carefully passed under 
them. With the director and fingers, the veins and cellular 
tissue which cover the artery may be separated, and the vessel 
may be isolated and tied. 

Of course the above operation could scarcely, in any event, 
be debated for the arrest of hemorrhage. The singular cir- 
cumstance that in two cases wherein the operator, after ex- 
posing the vessel failed to apply the ligature, the pulsations 
in the tumor gradually diminished, and in one the patient 
recovered, suggests that this partial procedure may perhaps 
hereafter become the method for treating certain forms of 
aneurism, wherein the vessel was formerly ligated. 

Explanation. — Plate IV. figure 20 : d, the ar*eria innomi- 
nata isolated and with the ligature passed under it; b, the 
pneumograstic nerve; c, the internal jugular vein; a, the 
phrenic nerve ; e, the sterno-mastoid with the sterno-hyoid 
and sterno-thyroid muscles beneath it, all divided. 

M. Sedillot makes an incision which he thinks is convenient 
for the ligation of both the primitive carotid and the subcla- 
vian in the first stage. The patient is placed in the position 
described in the last operation. The incision is then made, 
three inches in length, in the depression, observable in the 
living subject, between the sternal and clavicular portions of 
the sterno-mastoid muscle. The head being now flexed, the 
two portions of the muscle are separated, the sterno-hyoid and 
thyroid muscles divided on a director, and the vessels ex- 
posed, as in the operations above described. 

Explanation. — Plate V. figure 21", Arteries: d, exhibits 
the parts as exposed in M. Sedillot's operation ; a, internal 
portion of the sterno-mastoid muscle; b, the sterno-hyoid and 
thyroid muscles divided ; h, the arteria innominata ; c, the 
common carotid ; d, the pneumogaatric and recurrent laryn- 
geal nerves ; <j, the origin of the subclavian ; c, the vertebral 
artery and thyroid axis. 
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Arteries of the Head and Neck. 

The arteries of the head and neck are derived principally 
from divisions q£the primitive carotid. The branches of the 
respective sides anastomose freely with each other, and also 
with the corresponding branches of the opposite side, which 
results iu a complete mesh-work of communications, both in 
the scalp and on the interior of the cranium. 

The Primitive Carotid Arteries. — Like the subcla- 
vian, the two primitive carotid arteries differ in their origin 
on the two sides of the body. The right, as we have seen, 
arises from the arteria innominata opposite the right sterno- 
clavicular articulation; the left from the arch of the aorta, 
between the origins of the arteria innominata and left subcla- 
vian. From these different origins, the vessels ascend back- 
wards and outwards into the neck, being enclosed with the 
pneumogastric nerve and internal jugular vein in a common 
sheath. Arriving opposite the os hyoides or the upper edge 
of thyroid cartilage, each divides into the external and inter- 
nal carotid arteries. Only in the first part of their course do 
the relations of the two vessels differ. Being derived from 
the aorta, the left carotid at first, lies within the thorax, and 
is covered by the sternum, the transverse vein and the re- 
mains of the thymus gland, resting on the trachea a little 
above its bifurcation. Escaping on the left side of the trachea, 
it rests on the thoracic duct and oesophagus, whence, ascend- 
ing into the neck, it resembles the right carotid. It is longer 
than the right, lies deeper in the neck, and is generally some- 
what smaller. 

The course of the common carotid arteries in the neck is, 
divided into a superficial and deep stage, by the omo-hyoid 
muscle, which crosses the neck obliquely. In the deep stage, 
the artery, enveloped in its sheath, lies in the anterior inferior 
triangle of the neck, covered by the skin, platysma, fascia, 
sterno-mastoid, hyoid and thyroid muscles ; to its inner side, 
lie the trachea and left recurrent nerve ; on the left side the 
oesophagus ; to its outer side, the par vagum and internal 
jugular vein ; and behind it, and behind its sheath, are the 
'inferior thyroid artery, the recurrent and sympathetic nerves, 
the longus colli and rectus anticus muscles. On the left side, 
the internal jugular vein overlaps the artery as it descends to 
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join the subclavian, which increases the difficulty in securing 
the carotid on this side. 

In its superficial or upper stage, the common carotid lies in 
the anterior superior triangle of the neck ; it is only covered 
by the skin, platysma and cervical fascia, and by its sheath, 
on the outer surface of which, are the fildftcnts of the de- 
scendens noni nerve. Sometimes this nerve is within or behind 
the sheath. The larynx, pharynx, superior thyroid artery, 
and superior laryngeal nerve are to its inner side, the par 
vagum and internal jugular vein to its outer side, enclosed in 
its sheath ; while behind it are the sympathetic nerve and 
longus colli, and rectus anticus major muscles. Numerous 
lymphatic glands accompany the artery which, when enlarged, 
may somewhat obscure its appearance. The vessel rests pos- 
teriorly on the cervical portion of the spinal column, and in 
cases of hemorrhage, may, for a* short time, be compressed 
against it. The artery cannot be long compressed here, as 
the internal jugular is necessarily compressed with it, thus 
obstructing the return of blood from the brain. 

The primitive carotid can be tied in any portion of its course; 
two operations are generally described. 

I. At the Base of the Neck. — The vessel, as we have 
seen, is here covered by the skin and fascia, the platysma, 
sterno-hyoid and thyroid muscles, having the trachea and re- 
current nerve to its inner side; its immediate relations being 
the same as before mentioned. 

Operation. — The patient is placed in the recumbent posture, 
with the head turned towards the opposite side, and the neck 
moderately extended. An incision, about three inches in 
length, is then made along the inner edge of the sterno- 
mastoid muscle, beginning at the sternum, and cutting through 
the skin and platysma myoides muscle. The fascia ia then 
cut through, avoiding any veins that may present. The inner 
edge of the sterno-mastoid, and also the sterno-hyoid and 
thyroid muscles are exposed with a few branches of the 
descendens noni nerve ; draw the mastoid muscle to the outer 
side, the others to the inner or tracheal side ; or, if necessary 
cut across some of their fibres on a groove director. The 
sterno-thyroid, from its greater breadth, overlaps the artery 
and is most likely to require division. The sheath will now 
be brought into view, having the omo-hyoid muscle crossing 
it at the upper part of this region. Pinch up a small portion 
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of the .sheath to make an opening for the diijMtar, and divide 
the sheath on it, to the required extent. TnVearotid artery 
will be exposed with the vein and nerve. The artery must 
be gently detaehed from its connections within the sheath, 
and the the needle passed under it from without, inwards ; in 
doing so, the pneumogastric nerve and the vein on the outer 
side, the sympathetic nerve and inferior thyoid artery behind, 
and the recurrent nerve on the inner side, must be avoided. 
If the left carotid be the artery operated on, the thoracic duct 
and oesophagus must also be guarded against. 

All the large veins at the root of the neck are emptied when 
inspiration takes place, and distended during the act of expi- 
ration; motion also is communicated to the blood by the re- 
gurgitation from the right auricle ; these changes cause the 
internal jugular vein alternately to flap over, and recede from, 
the artery, causing more or less embarrassment to the surgeon. 
Should this become troublesome, the vein should be com- 
pressed both above and below. 

Explanation. — Plate V. figure 21 b , Arteries, does not repre- 
sent the operation as described, but that of Sedillot, as applied 
to the carotid in this region, the incision being made between 
the stesnal and clavicular portions of the sterno-mastoid. We 
prefer the operation above described ; c, the internal portion 
of the muscle drawn inwards ; a, the external portion drawn 
outward, with bent spatulas or hooks ; b, the internal jugular 
vein ; e, the pneumogastric nerve, lying between the vein, 
and/, the, carotid artery. 

II. In the Superficial Stage. — Where the vessel is 
crossed obliquely by the omo-hyoid muscle, or just above that 
point, in the anterior superior triangle of the neck, is the 
point of election for tying the primitive carotid artery, as it 
is here most easily reached. Its immediate relations are 
nearly the same as those mentioned above, viz : the internal 
jugular on the outer side, the pneumogastrio nerve between 
and somewhat behind both, enclosed in a common sheath. 
The vessel here bi-sects the triangle, passing under the edge 
of the sterno-mastoid, and being crossed by the omo-hyoid 
muscle. The descendens noni is upon its sheath, and cover- 
ing it, are the fascia, platysma, and the skin. 

Operation.— Place the patient in the recumbent posture, 
with the head turned to the sound side, slightly extending 
the neck ; make the incision, about three inches m length, 
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along, and aJptlc internal to, the anterior margin of the 
sterno-mastoicTniuscle, extending from a little below the angle 
of the jaw, to the side of the cricoid cartilage In this, the 
integuments and platysnia are divided, and the cervical fascia 
exposed This must be cautiously divided on a director, care 
being taken to avoid the veins which cross this part of the neck, 
the facial or labial vein being one of them. The descendens 
noni nerve will soon appear lying on the surface of the sheath; 
open the sheath to one side of this nerve, introduce the di- 
rector and divide carefully with the knife for a short distance; 
pass the needle from without inwards, leaving out the par 
vagum and internal jugular vein. If the lips of the wound 
are held well apart with bent spatulas, any parts outside of 
the sheath cannot be in much danger of being included in the 
ligature. The trunk of the sympathetic nerve is behind the 
sheath, and the superior laryngeal nerve and superior thyroid 
artery arc on its inner side. The ligature should be applied 
some distance from the bifurcation of the vessel, to allow the 
better opportunity for the formation of the coagulum. Should 
the sterno-mastoid artery, a branch of the external carotid, be 
cut, and bleed much, it should be ligated, as it may obscure 
the further steps of the operation. It is a small muscular 
branch, crossing the sheath of the vessel and inner edge of 
the muscle, to be distributed to its posterior surface. 

Explanation, — Plate V. figure 22: Arteries, exhibits the 
parts exposed by the operation. The incision as represented, 
does not extend high enough for the operation in the superior 
triangle ; «, the omo-hyoid muscle ; b, the carotid artery 
crossed by filaments of the descendens noni nerve, which, be- 
fore the dissection, were on the outside of the sheath ; c, the 
internal jugular vein, external to the artery; d, the pneumo- 
gastric nerve, drawn from its position a little forward, so as to 
appear between the vein and artery ; e, the inner border of 
the sterno-mastoid muscle drawn backwards. 

Anastomoses. — To the anastomosing communications of the 
primitive carotid artery, with surrounding vessels, attach sur- 
gical considerations of unusual importance. These relate, 
both to the success of ligation in the various cases in which it 
may be practised, and to the influence of that Operation upon 
the important parts within the cranium. Especially do these 
considerations force themselves upon us in military practice 
where the operation requires to be so frequently debated for 
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hemorrhage resulting from gun-shot wounds of this vessel, or 
Borne one of its branches. Even more abundant than the ar- 
terial communications of the superior extremity, those of the 
head and neck present almost an impossibility of permanently 
arresting the circulation through any of their trunks, and iu 
ligation of the primitive carotid, pulsation readily re-appears 
beyond the point at which the vessel is tied. The vertebral, 
the internal carotid, the thyroid, the lingual, facial and tem- 
poral of the opposite sides, communicate freely, while the su- 
perior and inferior thyroid and the princeps cervicis, and the 
profunda cervicis, keep up the communication between the 
subclavian and external carotid on the side on which the ves- 
sel may be tied. 

Result* and Effects of Ligation. — On account of the abun- 
dant anastomosis above described, it has been found that 
whenever the common carotid has been tied for aneurism, the 
pulsation, as we have said, returns in the vessel above the 
ligation in a very short time, and if tied for hemorrhage, the 
sanguineous effusion takes place by the recurrent circulation. 
For this reason, ligation of the .primitive carotid for anasto- 
motic aneurism of the branches of the external carotid, a prac- 
tice once quite popular, 'has been nearly abandoned at the 
present day, and, for a stronger reason, ligation of this vessel 
for hemorrhage from any of its divisions or for bleeding from 
the trunk itself, except at the seat of lesion, is peremptorily 
condemned by the highest authorities.* It is a vessel very 
liable to become the subject of frequent and ineffectual liga- 
tion, on account of its easy accessibility and its apparent avail- 
ability for the trying emergency of alarming and persistent 
traumatic hemorrhage. We have tested, by repeated trials, 
how frequently this ligation is inefficient, both iu the case of 
erectile tumor and in hemorrhage from its branches. 

Considering the freedom of collateral communication be- 
tween the circulation of the various regions 0/ the headjpid 
neck, it is surprising how frequently ligation, of one corMon 
carotid artery, is attended with serious cerebral disturbance, 

* Mr. Guthrie says, "No fact can b^e more satisfactorily shown, 
than that, in every case of wounded— not aneurismal— artery of the 
neck, one ligature should be applied above and another below the 
opening in the wounded vessel, and not, one alone oa the common 
trunk, even if that should be the part injured."— Commentaries, 



160 ON THE ARTERIES. 

and how invariably the simultaneous arrest of circulation in 
both, has been followed by death. The experiments of Meyer, 
Jobert and others to throw light on this subject were incon- 
clusive on account of the varying relative importance of the 
common carotid to the brain in the lower animals as com- 
pared with man. Observations on the human subject go to 
show that out of 149 cases, in which the vessel was tied for 
various objects, 33 proved fatal, and of these, 18 died of cere- 
bral disease, showing that the most frequent cause of death 
after ligation of the common carotid is. this cerebral disease 
induced by the operation. The successive ligation of both 
carotids, with a considerable interval between the operations, 
has been attended with no greater cerebral disturbance than 
that following the single operation. While the simultaneous 
ligationf of both has invariably ended fatally. Mr. Erichsen 
thus sums up his conclusions on this subject: 1. Ligature of 
one carotid artery is followed by cerebral disturbance in about 
one-fifth of the cases, more than one-half of which are fatal. 
2. When both carotids are ligated simultaneously, death has 
hitherto always resulted, as in the two cases in which Mott 
and Langenbeck ligatured these vessels with an interval of 
but a few minutes between each operation 3. When the 
two carotids are ligatured, with an interval of some clays or 
tveeks, the operation is not more frequently followed by cere- 
bral disturbance than when only one is tied. 

The symptoms arising from this cause are either immediate 
or remote. The first are syncope, trembling, giddiness, im- 
pairment of sight, and hemiplegia — then the remote symptoms 
appear, which are such as result from impairment of the nu- 
trition of the brain and softening of that organ, ending gene- 
rally in convulsions, paralysis and death. 

The External Carotid Artery. — This vessel extends 
from the division of the primitive carotid, opposite the upper 
b<5rder of the thyroid cartilage, to the neck of the lower jaw, 
wh^je it divide? into its two terminal branches, the temporal 
and internal maxillary. In front of it, crosses the posterior 
belly of the digastric and the stylo-hyoid and platysma myoides 
muscles. The facial nerve passes over its upper part while 
in the parotid gland, and the hypoglossal nerve over its lower 
part near its origin. Behind it, is the internal carotid artery, 
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with the glossopharyngeal nerve, the stylo-glossus and stylo- 
pharyngeus muscles and part of the parotid gland intervening. 
It has been divided into three stages : 1st, below the digastric 
nmscle ; 2d, from this point to the pnrotid gland • and, 3d, 
where it is lodged in that gland. The vessel is seldom tied 
in its third stage, except during extirpation of the parotid, or 
iu an open wound. In the first or second stage, it may be 
tied in the following manner: 

Operation. — The patient must be placed in the position 
for ligatiug the^ primitive carotid. Make an incision, about 
three inches in length, through the skin, platysma and Fascia, 
extending from beneath the lobe of the ear downwards to- 
wards the cornu of the os-hyoides. This is in the direction 
of, and overlying, the digastric muscle, and will expose it. 
The muscle guides the operator at once to the artery, which 
may by brought into view, either above or belo.v it, by a little 
dissection. The hypoglossal nerve should be carefully avoided 
iu every stage of the operation, and the needle introduced 
1'rom without inwards. The external carotid should only be 
tied for a wound of that trunk itself, and then two ligatures 
should be applied. The operation is seldom performed, on 
account of the numerous branches of the vessel rendering it 
unfavorable for the formation of a clot. 

The Superior Thyroid Artery'. — This artery arises 
from the external carotid, a little below the cornu of the os- 
hyoides. It first passes upwards and inwards, then curves 
downwards and forwards, by the inner side of the common 
carotid artery, to the edge of the thyroid body, in which it is 
distributed. Besides the gland, the superior thyroid sends 
branches to supply the mucous membrane and muscles about 
the larynx. It is accompanied, for a short distance, by the 
superior laryngeal nerve, which lies posterior to it, and the 
hypoglossal above it. 

Operation. — This operation was formerly practised by Sir 
Everard Home, Walther, Theden, Laugeubeck, and others, 
for the cure of bronohocele, hoping to produce atrophy of the 
gland. It is now abandoned for this purpose, on account of 
its invariable failure. In case of wound, it may be performed 
as follows : The head is extended ; make an incision, about 
two inches in length, along the internal border of the sterno- 
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and fascia are divided. The sterno-niastoid maybe drawn 
outwards, exposing the omo-hyoid muscle, underlying which 
are the sheath, and its contents, of the primitive carotid artery. 
The artery we are seeking lies, in this situation, between the 
carotid sheath and the lobe of the thyroid gland. -It should 
be carefully isolated with the point of the director and ligated 
in the usual manner. 

The Lingual Artery. — The lingual artery has a very 
tortuous course from its origin, on the inner side of the ex- 
ternal carotid, to the base of the tongue, when it becomes the 
ranine artery. It first ascends somewhat obliquely to reach 
the cornu of the os hyoides, along which it runs parallel for 
some distance under the hyo-glossus muscle, when it ascends 
to the base of the tongue. In this course, it is covered by 
the tendon of the digastric and the stylo-hyoid muscle ; then 
by the hyo-glossus, which separates it from the hypo-glossal 
nerve; and in the third part of its course, it rests between the 
hyo-glossus and genio-hyo-glossus muscles. 

Operation. — First find the position of the cornu of the os 
hyoides ; make an incision, somewhat over an inch in length 
and about half an inch above it, through the skin, cellular 
tissue and platysma; this incision will expose the lower border 
of the submaxillary gland, under -which the shining tendon of 
the digastric may be seen; less than a line below this, lies 
the hypoglossal nerve. Now look for the outer border of the 
hyo-glossus muscle, pass a director carefully under it, and make 
a transverse incision through its fibres, when the artery will 
be exposed in a situation in which it is unaccompanied by any 
nerve or vein. The needle may be passed under it from either 
side. The main point to be recollected in reaching the vessel 
is, that it is under the hyo-glossus muscle, parallel with and a 
little above the cornu of the os hyoides. 

Explanation,. — Plate V. figure 23, represents the operation 
above described. The hypoglossal nerve is seen running pa- 
rallel with the artery, but superficially to it and to the hyo- 
glossus muscle, which has been divided ; a, refers to the artery, 
with the ligature passed under it. 

The Facial Artery. — The facial or external maxillary 
artery passes forwards from its origin, a little above the lingual, 
and becomes embedded in the submaxillary gland. It 'then 
curves around the body of the lower jaw, close to the anterior 
inferior angle of the masseter muscle, where it may be felt 



LIGATION OF OCCiriTAL ARTERY. lt)o 

beating during life or effectually compressed in hemorrhage; 
ascending to the angle of the mouth and thence to the cornu 
of the eye, it becomes the angular artery. The facial vein 
lies to its outer side. 

Operation. — In case of wound, the artery may be ligated 
below the jaw, either before or after it enters the submaxillary 
gland, by enlarging the opening and seeking for the vessel 
within the border of the inferior maxilla. It is more fre- 
quently tied, as it passes over the ramus, at the foot of the 
masseter muscle. Feel for the pulsation, and then make an 
incision a little over an inch in length obliquely over the 
course of the vessel, dividing the skin, fascia and platysma — 
using the director, if necessary, to divide the fibrous tissue 
surrounding the vessel. Pass the needle from without in- 
wards. 

Explanation. — Plate V. figure 24 : a, the masseter muscle ; 
b, the vein ; c, the facial artery, with filaments of the portio 
dura passing over it and the ligature passed under it. 

The Temporal Arterv. — The temporal is one^f the 
terminal branches of the external carotid. It arises opposite 
the neck of the lower jaw, in the substance of the parotid 
gland, passes over the zygoma, in front of the ear. It shortly 
divides into an anterior and posterior branch, anastomosing 
with the occipital and opposite temporal. 

Operation. — Find the vessel by its pulsations just in front 
of the external ear, a little above the zygoma ; make an inci- 
sion, about an inch in length, through the skin, in the direc- 
tion of the artery; divide the dense cellular tissue on the 
director, and introduce the needle from without inwards, 
avoiding the vein and neighboring nerve. 

Explanation.— Plate V. figure 24: a, the temporal artery 
exposed, with ligature passed; b, the temporal vein. 

The Occipital Artery. — This vessel arises from the back 
part of the external carotid, opposite the facial. The hypo- 
glossal nerve hooks round it near its origin, about opposite the 
angle of the jaw. The artery passes behind the parotid gland, 
under the posterior belly of the digastric and trachelo-mastoid 
and sterno-mastoid, and ascends between the splenitis and com- 
plexus, from under the posterior border of which it emerges, 
to perforate the trapezius and supply the back of the head. 
The vessel, like the temporal, can be easily compressed and 

\ 
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seldom requires ligation in the scalp. It is tied in two other 
places : 

I. At its Origin. — It is in relation here with the hypo- 
glossal nerve, and lies under the stylo-hyoid and digastric 
muscles. 

Operation — Make an incision, about two inches in length, 
along the upper portion of the inner border of the sterno- 
mastoid muscle. Divide the deep fascia carefully on a direc- 
tor, expose and isolate the artery carefully, avoiding the hypo- 
;:!<k<su1 nerve. 

II. Behind the Mastoid Process. — The artery is here 
covered by the sterno-mastoid and splenius muscles, and lies 
in the occipital groove of the mastoid portion of the temporal 
bone. 

Operation.— Make an incision through the skin, full an 
inch and a-half long, half an inch behind and a little beneath 
the mastoid process, obliquely upwards and backwards ; the 
aponeurosis, sterno-mastoid and splenius muscles are to be di- 
vided, iyer by layer, carefully on a director, till the artery is 
reacherT The pulsations must be felt for, as the operation 
advances. The vessel must be carefully isolated from any 
branches of the great occipital nerve wbjich may be lying 
near it. 

Explanation* — Plate VI. figure 25: a, the occipital artery 
with the ligature passed under it ; b, the obliquus capitis su- 
perior muscle exposed ; c, the thin tendon of the sterno-mastoid 
cut through and drawn apart. 

The Internal Carotid Artery. — The internal carotid 
artery curves slightly from the bifurcation of the common 
carotid, and ascends, by the side of the pharynx, to the carotid 
foramen of the temporal bone. It has behind it, the rectus 
anticus major muscle, the superior cervical ganglion, and the 
pharyngeal and superior laryngeal nerves ; internally, is the 
pharynx, tonsil, and ascending pharyngeal artery ; externally, 
the internal jugular vein, the glossopharyngeal, pheumogas- 
tric and hypoglossal nerves; and, in front, the styb-glossus 
and stylo-pharyngeus muscles, the stylo-hyoid ligament, glosso- 
pharyngeal nerve and parotid gland. 

A vessel thus deeply situated, is ordinarily equally secure^ 
from injury, and out of the reach of the surgeon; its lesion, 
however, is not an uncommon occurrence, as one of the acci- 
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dents of battle. Balls entering the mouth frequently divide 
or open the internal carotid, making their wound of exit near 
or above the angle of the lower jaw. Though, perhaps, the 
very most difficult ligation of the whole body, yet the vessel 
has been reached and -secured on several occasions. Mr. 
Guthrie describes two processes by which the operation may 
be performed ; one from without, by external incision, and the 
other from within the mouth, by division of the lower jaw. 
Tn regard to the first, his remarks are as follows : " The in- 
ternal carotid, when wounded near the bifurcation of the 
common carotid, is to be secured by two ligatures, and the 
steps of the operation are th^ame as those for exposing the 
external carotid, the surgeon^woflecting that the internal is 
more deeply seated and to the' outside of the external." In 
case the injury should encroach on the bifurcation, he recom- 
mends three ligatures, one to each division, and one to the 
common trunk, considering nothing less sufficient to' secure 
the patient against recurrent hemorrhage. 

In regard to the operation recommended below by Mr. 
Guthrie,* it may be said that, it is nearly equal to a resection 
of a portion of the inferior maxilla, yet we subject patients to 
this constantly, for, dangers often much more remote than the 
i'atal hemorrhage which must follow a wound of the internal 
carotid. 

Ope rat urn from, within the Mouth. — An incision is to be 
begun opposite to, and on the outside of, the extremity of the 
lobe of the ear, and carried downwards in a straight line, 
until it crosses a little below the angle of the jaw, at the dis- 
tance of nearly half an inch, more or less, as may be found 
most convenient from the form of the neck. This incision 
exposes the parotid gland without injuring it. A second is 
then to be made from the extremity of the first, extending at 
a right angle forwards; under or along the base of the lower 
jaw^in^ the end of it is opposite the first molar tooth. This 
'incision should divide the skin, superficial fascia, platysma 
myoides muscle, and the facial artery and vein. The second 
molar tooth should then be removed and the jaw sawn through 
at that part. Then cut through the deep fascia, the mylo- 
hyoideus muscle, and the mucous membrane of the floor of the 
mouth, exposing the insertion of the internal pterygoid muscle, 

* Commentaries, page 25G. 



16(5 ON THE ARTERIES. 

which is to be divided. The surgeon will next be able to 
raise and partially evert the angle of the jaw, and thus obtain 
room for the performance of the remaining part of the opera- 
tion, which should be effected by the pointed but blunt edge 
of a scalpel, or other instrument, chosen for the purpose of 
separating but not cutting. The styloid process of the tem- 
poral bone may then be readily felt and exposed, by the sepa- 
ration of a little mucous membrane, and with it the stylo- 
hyoid muscle, which is to be carefully raised and divided. 
The external carotid artery will thus be brought into view, 
together with the stylo-pharyngeus muscle and glossopharyn- 
geal nerve attached to it. These are to be drawn aside by a 
blunt hook, when, if care bcMuren to avoid the pneumogastric 
nerve, the internal carotid artery may b.e felt, seen, and secured 
by ligation, with comparative facility, outside the tonsil, there 
being between them, the superior constrictor of the pharynx, 
which, in case, of wound through the mouth, must have been 
divided. The pneumogastric nerve should be drawn outwards, 
and the external carotid artery also, if in the way. The di- 
division of the jaw will not lead to further inconvenience, as 
the bone always re-unites when divided, with little difficulty. 

Arteries of the Inferior Extremity. 

The main artery, supplying the inferior extremity, arises 
from the aorta, within the cavity of the abdomen, by a com- 
mon trunk, the primitive iliac, which also supplies parts 
within, and external to, the pelvis. The crural division, like 
the main artery of the upper extremity, proceeds as a single 
vessel, through several successive surgical regions before it 
divides, receiving from each one a corresponding designation. 
That portion of the vessel which extends from its origin to 
the femoral arch, is called the external iliac artery ; beyond 
this line, to the opening in the adductor magnus, it is termed 
the femoral artery; and from the termination of Hunter's 
canal, to the lower border of the popliteus muscle, it bears the 
name of the popliteal artery. The vessel here terminates by 
dividing into- the anterior and posterior tibial arteries for the 
supply of the tissues of the leg and foot. 

The Dorsalis Pedis Artery.— This vessel is the con- 
tinuation of the anterior tibial upon the dorsum of the foot. 
It runs along the inner side of the dorsum, from the middle 
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of the ankle to the base of the metatarsal bone of the great 
toe. It here gives off the dorsalis hallucis and then dips into 
the first interosseous space to communicate with the deep 
plantar arch. In this course, it lies along the outer border 
of the tendon of the extensor proprius pyoWcis and has the 
innermost tendon of the extensor longus digitorum to its 
fibular side being crossed, near its termination, by one of the 
tendons of the extensor brevis. It is accompanied by venae 
comites and has the continuation of the anterior tibial nerve 
to its outer side. 

Operation. — Make an incision, about two inches in length, 
along the external border of the extensor proprius pollicis 
muscle, which line may be made prominent by directing the 
patient to extend his big toe. The deep fascia should be 
divided on a director. The artery will be found about a 
quarter of an inch or more from the outer border of the ex- 
tensor proprius tendon, with a collateral vein on either side 
and the anterior tibial nerve on its fibular side. Isolate the 
artery and pass the needle from within outwards. 

Explanation. — Plate VI. figure 26 : c, the extensor pro- 
prius pollicis tendon ; a, the extensor brevis digitorum drawn 
outwards ; d, the dorsalis pedis artery, with the ligature 
passed under it; b, the venae comites. 

The Anterior Tibial Artery. — This artery passes di- 
rectly forwards from the bifurcation of the popliteal, through 
the opening in the upper part of the interosseous membrane 
of the leg, close to the inner side of the neck of the fibula, 
thus gaining the anterior aspect of the leg. It then descends 
inwards in front of, and resting upon, the interosseous mem- 
brane, and passes over the ankle-joint, beneath the annular 
ligament. It here becomes the dorsalis pedis, which, as we 
have seen, crosses the dorsum of the foot near its inner edge 
and plunges between the first and second metatarsal bones. A 
line drawn from a little within the head of the fibula, to the 
base of the' great toe, will run nearly parallel to the course of 
both the anterior tibial and dorsalis pedis artery. In its upper 
third, it is situated between the tibialis anticus and extensor 
longus digitorum: lower down, between the tibialis anticus 
ancf extensor proprius pollicis; and just before it reaches the 
ankle, it is crossed by the tendon of the extensor proprius pol- 
licis, and is placed between that tendon and the tendons of 
the extensor longus digitorum. In its course down the leg, 
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it rests on the interosseous membrane and is bound down to 
it by a little tendinous arch thrown over it. Its immediate 
relations are its -venae comites and the anterior tibial nerve 
The nerve lies, at first, to its outer side ; about the middle of 
the leg, in front of it; and at the ankle is again on its outer 
side. " This artery, though deeply situated in its upper two- 
thirds, can be reached in any portion of its course without tin- 
division of the muscular fibres — though, to isolate the vi 
and introduce the ligature conveniently, it may be necessary 
to divide the muscles at the point ligated, by a crucial inci- 
sion. Three operations are described : 

I. At the Lower Third of the Leg. — The artery is 
here crossed by the tendon of the extensor proprius poliii i , 
and lies between the tendon of this muscle and that of the 
extensor longus digitorum. The anterior tibial nerve lies to 
its outer side. It is here superficial. 

. Operation. — The leg being placed with its anterior surface 
upwards, the foot is extended so as to make prominent the 
line of the tibialis anticus. An incision, three inches in 
length, extending not quite to the annular ligament, is made 
along the external border of that muscle ; carefully divide the 
deep fascia on the director, find the space between the tibialis 
anticus and extensor proprius pollicis, flex the foot so as to 
separate the two muscles with the index finger. The artery, 
here resting on the anterior surface of the tibia, may be felt 
pulsating, isolated and secured. Draw the nerve inwards and 
pass the ligature from within outwards. This place should not 
be selected for the operation, on account of its proximity to the 
joint. 

II. At the Middle Third. — Through its upper and 
middle thirds, the artery lies very deep in the intermuscular 
space upon the interosseous membrane, is covered* by the skin 
and superficial fascia and the deep fascia, which is very thick 
and aponeurotic. On its inner side is the tibialis anticus, and 
externally, the extensor longus digitorum and the extensi.v 
proprius pollicis. The nerve is in front and the veins on either 
side. 

Operation. — Make an iucision, over three inches in length, 
over the intermuscular space between the tibialis anticus and 
extensor longus. This line is from an inch to an inch aud 
a-half, varying with the subject and the position incised, from 
the spine of the tibia. The incision should be carried low 
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enough to strike the distinct separation of the muscles, so that 
it may he traced up to the fusion, if necessary. In case it is 
made higher, the line of fusion of the muscles may he re- 
cognized by its whiteness as it runs upwards, uniting their 
heads. This must be carefully dissected apart down to the 
interosseous membrane, upon which, first the nerve, and then 
the artery and its two veins, will be found covered by the 
tendinous arch before described. The foot must be flexed to 
relax the muscles, and a crucial incision made across their 
bellies, if necessary, to give room for the isolation of the ves- 
sel. The instrument figured in plate I. figure 7, will be found 
convenient for a vessel so deeply seated and so overhung by 
muscles. 

Explanation. — Plate VI. figure 27: a, the skin, deep fas- 
cia and muscles drawn outwards to dilate the wound ; b, the 
tibialis anticus pressed inwards; r, the veme comites; (/, the 
artery. The nerve should be represented smaller, running 
upon its surface. 

III. In its Utter Third. — Here the artery is almost in- 
accessible, deeply situated between the tibialis anticus and 
extensor longus digitorum. The muscles are fused together, 
and the white line between them is the best guide to the 
artery when the deep fascia has been cut into. The nerve 
lies to the outer side of the artery and the veins comites on 
cither side. 

Operation. — Make an incisiou, about four inches long, 
through the integument and superficial fascia, about one inch 
from the spine of the tibia. Then divide the deep aponeu- 
rotic fascia, making a crucial incision in it to allow of its 
easier separation. Now seek for the white line of the inter- 
muscular septum, which is the first from the tibia. The white 
line is better marked at the lower part of the incision. The 
foot should be flexed to relieve the tension of the muscles ; 
these may be separated with the index-finger and held apart 
with blunt hooks or spatulas. The muscle may be cut across, 
if necessary, to reach the vessel, which will be found between 
its veins, with the nerve on the outer side. Pass the needle 
from without inwards. 

In <mn-shot wounds near the knee, it is difficult sometimes 
to determine whether the anterior tibial or upper part of the 
posterior tibial is injured. The anterior tibial, when severed 
8 
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very high up, sometimes retracts through the opening in the 
interosseous membrane, in which case, the membrane should 
be divided or the artery sought from behind. 

The Posterior Tibial Artery.— The posterior tibial is 
much larger than the anterior. Beginning at the lower border 
of the popliteus muscle, it passes obliquely downwards, along 
the tibial side of the leg, to the concavity of the os calcis, 
where it enters the sole of the foot, between the two heads of 
the abductor pollicis muscle, and divides into the internal and 
external plantar arteries. In this course, it is covered by the 
intermuscular fascia, which separates it, above, from the soleus 
muscle, and, below, from the deep fascia and the integument. 
It is accompanied by vente comites and by the posterior tibial 
nerve, which lies to its inner side at first, and to its outer side 
for the rest of its course. In its upper two-thirds, the vessel 
is deeply situated, being covered by the gastrocnemius and 
soleus muscles and the intermuscular fascia above-mentioned. 
It rests successively on the tibialis posticus, on the flexor 
longus digitorum, and, below this, on some fat and cellular 
tissue, which separates it from the tibia and internal lateral 
ligament of the ankle-joint. Three operations on this artery 
are usually described : 

I. In its Lower Third. — The artery here descends at first 
parallel with the tendo-achillis, but soon diverges from it be- 
hind the internal malleolus, and occupies a position midway 
between the internal malleolus and the os calcis. In the 
fossa between these two eminences are the following: tibialis 
posticus tendon, flexor longus tendon, posterior tibial artery 
and venjB comites, posterior tibial nerve, flexor longus pollicis 
tendon, plantaris tendon, and tendo-achiliis. The skin and a 
very dense process of the deep fascia covers all these parts. 
The artery is hero comparatively superficial, and may be felt 
pulsating in the hollow of the heel. 

Operation. — The limb must be everted and the foot flexed 
so as to make prominent the tendo-Achillis. Make a some- 
what semilunar incision over the course of the artery, and 
nearly midway between the two bony prominences of the 
os calcis and internal malleolus, but a little nearer to the 
ankle. This divides the integument and superficial fascia for 
about two and a half inches. The deep fascia is then divided 
on a director, to the same extent. The artery can soon be 
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brought into view, with the end of the director, in company 
with its pervc and veins. Securo the vessel by passing the 
aneurism needle from behind forwards, to avoid the nerve. 

Explanation. — Plate VI figure 28, Arteries: a, the deep 
fascia; b, the posterior tibial nerve; <••, the vente comites"; d, 
the posterior tibial arteiy, with the ligature passed under it. 

II. In its Middle Third. — This is considered quite a 
difficult operation, as the posterior tibial artery in its upper 
two-thirds lies very deeply situated between the superficial 
layer of muscles and in close proximity to the bone. The 
vessel is very frequently wounded in these situations as an 
accident of battle, and the hemorrhage is apt to be complicated 
with diffused aneurism on account of the depth at which the 
vessel lies and the dens$ fascia covering it. Re-establishing 
the track by the introduction of the sound — entering it at 
one wound and passing it out of the other — we have found, 
greatly facilitates the finding of the wound in the vessel. 
The artery here rests, with its two venae comites, upon the 
tibialis posticus and flexor longus digitorum, and has the pos- 
terior tibial nerve to its outer side, covered by the deep fascia 
and the gostrocnemius and soleus muscles. 

Operation. — In case of hemorrhage or traumatic aneurism* 
in the middle third of the posterior tibial artery, the vessel 
must be tied with two ligatures at the point of lesion. The 
tourniquet must be carefully applied either to the femoral or 
popliteal artery ; then introduce the sound into the track tra- 
versing the artery, from one wound to the other, if there are 
two, giving it in charge of an assistant. The limb having 
been placed on its outer side, with the knee somewhat flexed, 
make an incision over four inches in length, according to the 
extent of the tumor, if there is aneurism. This incision 



* We must heie explain that the precept, "never ligate an ar- 
tery unless it bleeds," is not violated by ligating in cases of dif- 
fused aneurism before any external effusion of blood takes place. 
In such cases the artery of course is bleeding, only the surround- 
ing tissues retain the eifused blood. We always recommend, and 
have acted upon the principle— ligation of the vessel as soon as the 
traumatic aneurism is discovered. It would be useless to wait for 
the external bleeding when a trunk of large size is pouring blood 
into the tissues in the form of a traumatic aneurism. This prac- 
tice we have pursued both in the case of the posterior tibial m its 
upper third and also in the femoral artery. 
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must be made about an inch behind, and along the inner edge 
of the tibia. It will divide the integuments and probably ex- 
pose the internal saphena vein, which must be drawn to the 
inner side ; now divide the fascia to the extent of the first 
incision, exposing the inner edge of the gastrocnemius mus- 
cle. This muscle must be raised and drawn outwards, when 
the origin of the soleus from the oblique line of the tibia 
will present itself. The artery lies under this muscle and 
about one inch from the inner edge of the tibia, covered by 
the deep fascia of the leg. Some recommend now to intro- 
duce the director and cut the soleus from its attachment at 
the oblique line ; we prefer the following : make an incision 
cautiously through to the soleus, about three-quarters of an 
inch from the edge of the tibia, n^ing the director, if it is 
thought necessary, to divide the fibres, layer by layer; in 
doing this, be careful not to mistake the shining fibres of 
the aponeurotic attachment of the soleus for the deep fascia 
which is not yet reached and which has a pearly appear- 
ance The soleus having been raised from its attachment, 
or divided, must be drawn aside. The fingers may be passed 
now between the two layers of muscles — that is, under the 
soleus — and the posterior tibial can be felt pulsating under 
the fascia, provided the accumulation of clotted blood and 
fibrine do not interfere. The fascia may now be divided on 
the director, the sound will be seen and the opening in the 
vessel found, and the aneurism needle passed from without 
inwards. In case of large accumulations of blood, these 
must be removed as the operation advances, and the sound 
felt for on raising the soleus muscle; the wounded artery will 
be found on the same level with the sound — the sound resting 
between the two ends of the severed vessel. The posterior 
tibial nerve on its outer side and the venae -comites must be 
avoided. From the depth at which the artery lies, and its 
proximity to the bone, much difficulty is sometimes expe- 
rienced in passing the ligature. This will be somewhat in- 
creased if the artery is completely severed. Each end must 
be sought for on either side of the sound, seized with the 
forceps and isolated, and the two ligatures applied. 

Mr. Guthrie* recommends "an incision six or seven inches 
long through the gastrocnemius and soleus muscles, down to 



* Commentaries, page 27T. 
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the deep fascia." This we regard as an unnecessary cutting 
of muscular fibres, riskiug a crippling of the limb. When we 
arc certain that the posterior tibial is the artery wounded, it 
can be more easily reached by the incisions above recom- 
mended, and with less injury to the important muscles con- 
cerned. If there is doubt whether the bleeding vessel be the 
peroneal or posterior tibial, Mr. Guthrie's recommendation 
should be adopted. There are two great objections to dividing 
extensively the muscular fibres : first, the injury to the mus- 
cle which, though it finally perfectly recovers, remains a long 
time stiff and consolidated after being cut ; and secondly, to 
cut through the calf, gives rise to embarrassing hemorrhage 
during the operation from division of the sural arteries. 

Explanation. — Plate VI. figure 29, Arteries: a, the fascia 
of the leg ; b, the vcuai comites ; c, the posterior tibial artery ; 
(/, the internal edge of the gastrocnemius. The nerve is to 
the outer side, and pulled out of the way. 

III. At the Upper Third op the Leg. — Quite high up, 
the artery rests upon the tibialis posticus and is covered by the 
deep fascia, the soleus and gastrocnemius muscle. The nerve 
is here to the inner side of the artery and its accompanying 
veins. 

Operation. — This operation does not differ greatly from the 
one just described. Malgaigne's method is thus described by 
Bernard and Huette : At the distance of two-thirds of an inch 
from the internal border of the tibia, make an incision at least 
four inches in length, through the integuments and deep fas- 
cia, carrying the index finger into the wound, detach and push 
outwards the internal head of the gastrocnemius muscle, and 
divide also the attachments of the soleus. thus exposed, from 
the posterior surface of the tibia ; whilst an assistant keeps 
this muscle held backwards and outwards with a blunt hook, 
divide the layer of aponeurosis upon a director and search for 
the vessel immediately beneath it; lastly, detach the artery 
and pass the ligature beneath it with tie artery needle. 

The operation of lisjating the posterior tibial above the ankle, 
in the upper part of the lower tMrd is sometimes described as 
the operation in the middle third. The vessel is here easily 
reached without dividing the soleus ; it is here found about 
three-quarters of an inch from the inner border of the tibia, 
and the incision is made midway between the internal border 
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of the tibia and the tendo-achillis. The muscles are drawn 
outwards, the deep fascia cut through on a director and the 
vessel secured as in the precediDg operations. 

The Peroneal Artery.— This artery arises from the pos- 
terior tibial a short distance below the popliteus muscle ; it is 
nearly as large as the anterior tibial artery, and passes^ out- 
wards to the fibula. It then runs downwards along the inner 
border of this bone to its lower third, being closely applied to 
the interosseous membrane, and a little above the ankle, it di- 
vides into the anterior and posterior fibular arteries. It is 
very deeply situated, resting on the tibialis posticus muscle, 
on the inner side of the fibula, and is covered by the soleus, 
intermuscular fascia and flexor longus pollicis muscle. 

This vessel most frequently is injured in gun-shot wounds, 
the circumstances of which, leave considerable doubt on the 
mind of the surgeon as to whether* the bleeding vessel is the 
peroneal or the posterior tibial, or sometimes even, the popli- 
teal. In this remark many surgeons of our army will coin- 
cide. This doubt existing, it is better to perform such an 
operation as will admit of the ligation of either the peroneal 
or posterior tibial, or which, being modified, may be made sub- 
servient in reaching the popliteal. The following is Mr. 
Guthrie's method.* 

Operation. — An incision, from six to seven inches long, 
should be made rather nearer to the inner edge of the leg than 
to the centre, and should be carried through the gastrocne- 
mius muscle, the plantaris tendon and soleus muscle, down 
to the deep fascia, under which the arteries lie, with their 
accompanying veins, having the posterior tibial nerve on the 
fibular side of the artery. If the incision is made in the upper 
part of the calf of the leg, the peroneal artery will be exposed 
by it; but if it be certain that the peroneal is the vessel in- 
jured, the^incision should be made towards the fibular side of 
the leg. When the fascia has been divided the peroneal ar- 
tery will be found coveted by the fibres of the flexor longus 
pollicis muscle at any distance, below three inches and a half, 
from the head of the fibula. These fibres being divided, the 
artery will be found close to the inner side of the bone. Above 
that part, the peroneal is under the fascia and upon the tibialis 

* Commentaries, page 277, 
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posticus muscle. It has no accompanying nerve. Both arte- 
ries will be readily found by either of the incisions if the sur- 
geon be acquainted with their situation. 

The Popliteal Artery. — The popliteal region is a dia- 
mond-shaped space, comprehending about the inferior fourth 
of the thigh, and superior sixth of the leg on their posterior 
aspect, formed by the approximation, base to base, of two tri- 
augles, the one above caused by the divergence of the ham- 
string muscles, and that below by the union of the two heads 
of the gastrocnemius. Stretched between the boundaries 01 
this space, are the skin, the superficial fascia and the deep fas- 
cia, and beneath this last a large quantity of fat, in which the 
vessels and nerves of the region are embedded, besides a num- 
ber of lymphatic glands. The popliteal artery, the continua- 
tion of the femoral, enters this space from above, through the 
opening in the adductor magnus, and with its accompanying 
vein, joins the nerve and descends through the centre of it into 
the leg. When at the lower border of the popliteus muscle, it 
terminates in the anterior and posterior tibial arteries. Tn the 
cellular tissue under the skin, the external saphena vein as- 
cends through the middle of the space and perforating the 
deep fascia, terminates in the popliteal vein. Besides cutane- 
ous branches of nerves and the veins, the relation of the more 
important of the contained parts to each other is the following : 
1st, the popliteal artery trasverses the space resting on the 
posterior surface of the femur and ligament of the knee-joint; 
'Ad, the popliteal vein, superficial and a little external to the 
artery, and closely united to it by dense areolar tissue ; 3d, the 
internal popliteal nerve, the continuation of the sciatic, crosses 
both vessels, superficially and obliquely, from the superior ex- 
ternal, to the inferior internal bouudary of the space. With 
the patient in the prone position, the order of superposition 
is : saphena vein, popliteal nerve, popliteal vein, and lastly, 
popliteal artery. This artery may be ligated by the following 
operations : 

1. Hi] Lateral Tncision — This method proposes to reach 
the popliteal artery under the inner margin of the gastrocne- 
mius muscle. , , 

Operation. — Place the patient on his back or side, with the 
limb abducted, slightly flexed and laid on its outer border, the 
km>e beim* supported by a pillow. Xow find the groove be* 
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tween the inner border of the gastrocnemius and the internal 
margin of the tibia. In this groove, make an incision, three 
inches in length, beginning just below the tendons of the inner 
ham-string muscles; the internal saphena vein and nerve, be- 
ing exposed, arc drawn forwards, and the superficial fascia and 
the deep-seated thick aponeurosis of the leg are divided on a 
director. The internal head of the gastrocnemius, now ex- 
posed, is to be separated and drawn strongly outwards. At 
about the depth of an inch, the popliteal artery may be found. 
The vein lies nearest, the artery being to the external side, 
the nerve being behind them both. The veiu should be sepa- 
rated from the artery and carefully drawn backwards and out- 
wards by the fingers of an assistant. The artery may now 
be felt and seen resting on the popliteus muscle, where it may 
be raised and the ligature applied. 

Explanation. — Plate VI. figure 80, Arteries : a, the inter- 
nal edge of the gastrocnemius muscle ; c, the popliteal vein, 
drawn backwards and outwards; e, the popliteal nerve; d, the 
popliteal artery, with ligature under it; /, the internal saphena 
vein, exposed by the incision in the skin. 

The artery is tied in two places, above and below, by pos- 
terior incisions : 

II. The vessel should never be interfered with in this situ- 
ation, unless wounded and bleeding, on account of the depth 
at which it lies and its proximity to the knee-joint. 

Operation. — The patient should be laid on his face, with 
the limb extended. The bleeding and the pulsations will 
point to the exact situation of the arteiy, between the two 
heads of the gastrocnemius muscle. Make an incision, about 
three inches long, somewhat external to the median line. The 
integument and superficial fascia, having been divided, the 
external saphena vein and nerve arc to be avoided and drawn 
aside ; carefully divide the deep fascia on a director and draw 
apart the heads of the gastrocnemius muscle ; first the nerve, 
then the vein, and, lastly, the artery, will be found deeply 
situated and surrounded by fat and cellular tissue. The nerve 
in this situation should be drawn inwards and the vein out- 
wards, in order to introduce the ligature. 

Explanation. — Plate VII. figure 31, Arteries: a, the deep 
fascia divided — exposing (c) the popliteal nerve, (b) the pop- 
liteal vein, and (d) the popliteal artery, somewhat external 
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aud most deeply seated ; /, the external saphena vein, pene- 
trating the deep fascia and winding round the nerve to empty 
into the popliteal vein. 

III. In its Upper Third — The vessel here enters the 
popliteal space, from the inner side of the thigh, and lies 
along the outer side of the inner ham-string. The nerve is 
external and superior to it, and the veiu rather upon its inner 
side, but superlicial to the artery. 

Optra/ion. — The most convenient posture for the patient is 
on the face. Make an incision, three inches in length, along 
the outer border of the semi-membranosus muscle, through 
the skin and superficial fascia ; divide the deep fascia, as be- 
fore, on a director ; ilex the leg, to relax the tension of the 
parts; feel for the artery along the inner ham-string; the 
nerve will first be found, then the vein, and, lastly, the artery. 
Isolate the vessel with the fingers and director, and introduce 
the ligature from within outwards. 

In "connection with wounds of the popliteal artery, it may 
be well to remember, that the dense aponeurotic popliteal 
fascia has the effect, by the resistance it offers, of preventing 
the enlargement of aneurismal tumors posteriorly, and they 
are forced°to ascend into the lower and inner part of the thigh. 
Popliteal abscesses, also from this cause, point in the above 

region. 

The Fkmoral Artery.— The external iliac, emerging 
from beneath Poupart's ligament, assumes the name of the 
femoral artery. It then passes obliquely downwards, back- 
wards and inwards— at first being superficial, but gradua ly 
becoming more deeply seated— till, at the junction of the 
middle and lower thirds of the femur, it passes through the 
tendinous opening of the adductor uiagnus, where the vessel 
again changes its name to that of the popliteal artery. The 
artery in this course bi-sects the isosceles triangle called 
Scarpa's, formed externally by the sartorius muscle and inter- 
nally by the adductor longus. It is covered by the skm 
superficial and deep fascia of the thigh and ha, , enclosed 
with it, in a dense sheath, which is a prolongation of the ab- 
dominal fascia, the femoral vein and internal saphenous nerve 
a breach of the anterior crural. Below, the vessel is covered 
bv the artorius muscle, and soon after enters Hunter s canal, 
tLtXouV the opening in the adductor magnus A line 
drawn from the centre of Poupart's ligament, to the inner 
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cini'acc of llic internal condyle, will very nearly indicate the 
course of the artery. The femoral is accessible in any portion 
of its course. The following are the operations thought worthy 
of description.: 

I. In Hunter's Canal. — For a case of popliteal aneu- 
rism, Mr. Hunter first tied the femoral artery in the tendinous 
canal, formed between the adductors and vastus internus mus- 
cle. The operatiou at this point, though abandoned at the 
present time for aneurism, is often required for hemorrhage 
from gun-shot wounds. It is more difficult than that in 
Scarpa's triangle, but, in case of hemorrhage, there is no 
choice. 

Operation. — The limb should be priced in the semi-flexed 
position and turned on its outer side. Make an incision, about 
four inches in length, along the anterior margin of the sarto- 
rius muscle as it winds over the internal surface of the thigh. 
The internal saphena vein must be sought for by pressure 
above j it lies a little internal to the line of incision. The 
integuments and superficial fascia arc cut through, and the 
fascia lata divided en a director. The anterior margin of 
the sartorius will be exposed; draw the muscle to the inner 
side, and the tendinous wall of Hunter's canal will be seen 
stretching from the adductor lougus to the vastus internus 
muscle; introduce carefully the groove director, and cut 
through the tendinous fibres. The nerve will be found in 
front of the artery and the vein behind it. The union be- 
tween the artery and the vein at this point is very intimate; 
they should be cautiously separated and the aneurism needle 
passed round the artery, excluding the nerve. The anas- 
tomotica magna artery sometimes may be wounded in this 
operation. It should be tied to avoid the embarrassment its 
bleeding would occasion. If the femoral is wounded in the 
canal, both ends should be secured, as the free anastomosis 
with the popliteal, just below this point, through the articular 
arteries, will ensure recurrent hemorrhage. 

Explanation. — Plate VII. figure 32 : a, the fascia lata di- 
vided ; b, Hunter's canal laid open ; c, the sartorius muscle, 
drawn upwards and outwards; d, the femoral artery, lifted on 
a director, with the ligature passed under it. 

II. Near the Apex of Scarpa's Triangle.— The ves- 
sel here begins to be overlapped by the sartorius muscle, and 
is somewhat more deeply seated than in the middle and UDper 
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part of the thigh. The femoral vein is here behind it and 
somewhat to its outer side, the long saphenus nerve is closely 
applied to the artery, within the sheath, rather upon its ante- 
rior and internal side, and a pretty large muscular branch of 
the anterior crural, supplying the vastus internus, follows the 
course of the vessel on the surface of the sheath. The skin, 
superficial lascia and fascia lata cover the region, and the trunk 
of the saphena vein generally runs immediately in the line of 
the incision. 

Operation. — Place the limb on its outer side, with the leg 
semi-flexed and the thigh a little elevated ; make an incision, 
about four inches in length, along the line of the artery, being 
guided somewhat by the prominence of the sartorius muscle, 
through the skin aud superficial fascia. The saphena vein, 
which now appears, must be avoided. Open the fascia lata 
aud introduce the director, dividing it in the line of the first 
iucision. The inner border of the sartorius muscle will be 
exposed, overlying the artery ; lift this out of the way, if ne- 
cessary, and divide the deep layer of its sheath on a director, 
if it obscures the vessels. The sheath of the femoral vessels 
will now appear, with a muscular branch of the anterior crural 
nerve lying upon it ; avoid this and carefully open the sheath, 
iutroduce the director and slit it a few lines ; feel for the 
pulsations of the artery and introduce the needle from within 
outwards, avoiding injury to the vein, and excluding the long 
saphenus nerve from the ligature. 

III. At its Middle and Upper Portion. — The rela- 
tions of the vessel do not differ materially in the middle and 
upper portions. The sartorius, while it can still be used as a 
guide, being the outer boundary of Scarpa's triangle, no longer 
serves as the directing line for the incision. The true line 
is found midway between the sartorius and adductor longus 
mu8C l e — f rom the middle of the base, formed by Poupart's 
ligament, to the apex of the triangle at the crossing of the two 
muscles. The saphena vein — always directly in the way — 
runs, here too, along the course of the artery, superficial to 
the fascia lata. 

This is a region very much exposed in action, and the artery 
is here constantly found wounded in the course of ball-tracks 
traversing the limb in every variety of direction; direct, ob- 
lique, transverse, and sometimes longitudinal tracks plough 
throu-'h the artery and leave wide gaps between the proximal 
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and distal ends. From the denseness of the fascia lata, and 
probably from the fact that many of the wounds are received 
when the soldier is advancing, the anterior muscles contracted, 
preventing the track from being uniform, arterial wounds in 
this region are frequently complicated with diffused aneurism, 
obscuring the relation of parts and increasing the difficulties 
attending ligation. The importance of usiuu,' the sound to re- 

I'll' 

establish the track, in searching for the arterial lesion, as 
described in a former paragraph,* apply usefully, we think, 
to the present region. To economize space, we here describe 
the simple operation. 

Operation. — Place the patient in the recumbent posture, 
the limb being in a state of easy extension, rotated somewhat 
outwards and a little abducted. The course of the vessel 
being ascertained — by its pulsation or by rule — an incision, 
four inches in length, is made through the middle of Scarpa's 
triangle, beginning one or two inches, according to the situa- 
tion of the wound, below Poupart's ligament. This divides 
the skin and superficial fascia, and, if high enough, exposes 
the superficial lymphatic glands of the groin. The internal 
saphena vein is more conveniently left in the internal side of 
the incision. Separate the edges of the wound and expose 
the fascia lata; open into it, introduce the director and divide 
upon it, the fascia to the full extent of the first incision. 
By the use of blunt instruments and sponges, the sheath 
of the vessels will soon be brought into view and the pulsa- 
tions of the artery felt on relaxing the tourniquet. Pinch up 
a portion of the sheath with the fingers, to the outer side of 
the artery, m*ke a small opening in it — unless, in case of 
wound, there is one — introduce the director through this and 
slit the sheath for a few lines. The femoral artery being thus 
exposed, it should be carefully isolated from the vein on the 
inner side and the saphenous nerve on the outer side,j" and 
the ligature passed from within outwards. 

Explanation. — Plate VII. figure 33, Arteries, exhibits the 

* Re-establishing the track, page 123. 

■}• Expressions of pain on the part of the patient, when the liga- 
ture is tightened, are no certain indication, that the nerve is included. 
The artery itself is sensitive. We scarcely ever ligate for second- 
ary hemorrhage, when there is always more or less arteritis near 
the wound, that the patient does not manifest pain, unless deeply 
quieted by ana-sthetics. 
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operation somewhat higher up than described above, the artery 
being represented too near the sartorius muscle for the region 
figured: a, the fascia lata divided; b, the sartorius muscle; 
c, the femoral vein ; (/, the femoral artery, with the ligature 
passed . 

IV. Beneath Poupart's Ligament. — The relations of 
the femoral artery, under Poupart's ligament, arc the follow- 
ing : The vessel passes from the abdominal cavity under the 
centre of Poupart's ligament, enclosed in a dense iufundibuli- 
form sheath, derived from the abdominal and pelvic fasciae. 
The artery is placed externally to the vein, with fibrous septa 
separating them from each other and the vein from the crural 
ring. The anterior crural nerve passes out half an inch ex- 
ternally to the artery, but a branch of the genito-crural nerve 
passes out upon its upper surface. In addition to the fascia 
superficial and lata, the vessels are overlain in the groin, 
with quantities of loose cellular tissue and fat, besides nu- 
merous lymphatic glands. The pulsations of the artery are 
here, however, more distinct than elsewhere. The proper 
sheath of the vessels is, for some distance down the limb, 
larger than its contained structures. The trunk here passes 
over the pubic bone. 

Operation. — Place the patient on his back, with the pelvis 
a little elevated and the thigh somewhat extended. The posi- 
tion of the artery being determined by rule and by its pulsa- 
tions, the surgeon makes an incision, from two to three inches, 
in the course of the artery, beginning at the middle of Pou- 
part's ligament; this divides the skin, superficial fascia and 
fat, and exposes the lymphatic glands — perhaps cuts one or 
two of them, which does no particular harm. Profuse bleed- 
ing is apt to follow this incision, from the numerous small 
vessels here given off from the femoral ; these should be tied 
or twisted, and the fascia lata carefully opened and divided 
on a director— here, another bleeding is apt to occur— the 
deep external pudic lies generally under the fascia lata and is 
apt to get on the director. The funnel-shaped sheath of the 
vessels, formed by the descending abdominal fascia, is now 
exposed. This should be carefully opened in front of the 
artery on a director; the proper use of blunt instruments will 
now easily isolate the artery, when the ligature may be ap- 
plied, without endangering the vein, or including the filament 
of the "cuito-crural nerve generally, closely connected with 



182 ON THE ARTEKIES. 

the artery. The anterior crural nerve is not usually endan- 
gered in the operation, as it is ordinarily half an inch exter- 
nal to the artery, in the groove between the psoas and iliacus 
muscles. 

Remarks — The operation just described, while it is suffi- 
ciently easy of performance, is yet one of the most dangerous — 
indeed, fatal — of all the ligations of the lower extremity. Mili- 
tary surgeons are compelled to ligate arteries at the seat of lesion 
often, even when the chances of success are of the faintest kind ; 
we cannot, therefore, fully coincide with Mr. Erichsen in saying 
that ligations of the common femoral should be banished from 
surgery. The operation, however, should never be performed 
when it can possibly be avoided. The causes of its almost 
constant unsuccess are of two classess : 1st, failure in forma- 
tion of internal clot, endangering, in so large a vessel, fatal 
subsequent hemorrhage f~ and 2d, failure of collateral circula- 
tion ensuring fatal gangrene of the entire limb. This artery, 
both before and after its exit from the abdomen, gives off a 
number of vessels, which endanger the success of ligation at 
this point; above Poupart's ligament, the deep circumflexa 
ilii and deep epigastric, and also, sometimes, the obturator, as 
branches of the external iliac. Just after the trunk has passed 
the crural arch, numerous vessels also spring from it : the 
superficial epigastric, and the superficial and deep external 
pudic arteries, all have their origins clustering around the 
point, where the clot would have to form; and, if arrest of. 
b^ood-movement is necessary for the formation of a coagulum, 
we certainly cannot expect one under such circumstances. 
Of twelve cases on record, in which the common femoral was 
tied, only three were successful ; all the other nine being fol- 
lowed by secondary hemorrhage. Most of those twelve cases 
underwent the ligation for spontaneous aneurism, which dis- 



* We are perfectly familiar with Mr. Guthrie's original observa- 
tions and ingenious reasoning on the subject of the internal coagu- 
lum and the healing of the arterial coats after ligation. "A coag- 
ulum," says he, " contrary to the usually received opinion, is not 
necessary to the permanent closure of the artery, though it certainly 
assists in maintaining it." The question is otherwise determined 
by statistics, however, at least in regard to this particular artery at 
the region in question ; and while we regard Mr. Guthrie's discovery 
and doctrine on this subject as of high value, we cannot deny that 
it seems to fail in application to the present case. 
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ease, from its long obstruction to the main channel, fully 
establishes the collateral circulation, and obviates, in a great 

measure, the danger of a deficient blood-supply. 

But, in cases of hemorrhage, With which the military sur- 
geon has almost exclusively to deal, there is a more immediate 
and more inevitable disaster attending this ligation, than any 
failure of occlusion at the point of ligature — almost certain 
and fatal gangrene of the entire limb. The vessel in this 
case is here blocked up above the origin of both the great 
nutrient channels of the extremity. There is no profunda 
now left to reinforce the obstructed superficial femoral, and 
the lesser avenues of collateral supply, thus suddenly called 
upon, cannot be soon enough dilated to furnish an adequate 
supply for so large and, iu great part, so distant a region. 
That innervation necessary to blood- movement fails for want 
of the normal stimulus of nutrition, a universal paralysis of 
the circulation takes place throughout the limb, even the veins 
seem to fail to return the blood ; general oedema takes place, 
the surface becomes cold and mottled, and a progress of de- 
generation, both local and constitutional, the most rapid that 
can be described, soon terminates the case. 

The present war has doubtless afforded, in many instances, 
the undesirable opportunity of witnessing the results above 
described where ligation of the common femoral was unavoid- 
able. At the present moment the notes of only our owu 
cases are before us. We mention them briefly in view of the 
paucity of records on this subject in surgical works. These 
are two cases in which we were called in consultation and re- 
quested to operate. One iu General Hospital No 13,* the 
other in the First Georgia Hospital, f In both of them, the 
circumstances of the hemorrhage, it seemed to all present, 
were such as to preclude the adoption of any other measure 
than the one practised. Both were cases of comminuted frac- 
ture in the upper third of the femur ; there was great tume- 
faction in the limb above the injury; both patients had been 
areatly exhausted, and the hemorrhage proceeded from a 
wound of the femoral, near the seat of fracture The condi- 
tion of each of these patients was plainly such as to forbid 
either li-ation at the seat of injury or ligation of tne external 
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iliac, or the amputation of the limb ; any one of which three 
alternatives, though more formidable in the first place, would 
have been gladly preferred by us, if practicable. The result 
of both operations— for they were much alike in all important 
points— has been faithfully described in the foregoing para- 
graph. 

The Profunda Artery.— This vessel, when bleeding, 
should be cut down upon and tied with two ligatures, and 
the attempt should not be made to arrest the hemorrhage by 
ligating the common trunk, above it* The deep femoral is 
nearly as large as the superficial, and arises from the outer 
and back part of the common femoral, about one or two inches 
below Poupart's ligament. It first runs along the outer side 
of the sheath of the femoral vessels, but after some distance, 
passes beneath it and beneath the femoral vein, to the inner 
side of the femur, finally, passing through the adductor mag- 
nus. It rests, first on the iliacus, then on l;he adductor bre- 
vis, and lastly on the adductor magnus muscle. It is covered 
by the superficial fascia and the fascia lata, and has passing 
over it, a number of branches of the anterior crural nerve. 
Ligation of the profunda is seldom described in surgical 
works from the fact that it is not often the subject of sponta- 
neous aneurism. As it is apt to require ligation in gun-shot 
wounds, we describe the operation as we have performed it in 
one case of hemorrhage, that of a wounded soldier in the 
First Georgia Hospital, and repeatedly, but a few hours ago, 
on the dead subject. 

Operation. — Place the patient in the recumbent posture, 
with the thigh extended and somewhat abducted. An inci- 
sion, beginning just below Poupart's ligament, and extending 

* Finding no satisfactory description of this operation, and hav- 
ing performed it but once, we made three dissections, with the view 
of securing accuracy in our description. The relation of the pro- 
funda, to the femoral sheath and to the lash of anterior crural nerves, 
did not vary, but, in the two subjects examined, the point at which 
the common femoral bifurcated did not agree — in one only an inch, 
and in the other, nearly two inches, from the crural arch. We 
also proved the practicability of Mr. Guthrie's proposition to ligate 
the internal carotid by dividing the lower jaw. The stylo-hyoid 
ligament was much in the way, but did not actually require divi- 
sion. It seemed more convenient also to draw the par vapum out- 
wards, instead of inwards, as Mr. Guthrie recommends. Wc think 
the internal pterygoid should be spared, if possible. 
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fully four inches down the thigh, should be made, as if to 
expose the common and a portion of the superficial femoral 
artery, except that to expose the profunda, the incision should 
be somewhat more external, its whole course being kept to 
the outer side of saphena vein. The superficial and deep fas- 
cia arc now divided in a director. The fasciae and integu- 
ment being held apart with bent spatulas, the sheath of the 
common femoral will appear in the centre of the wound. 
Feel now, first for the pulsations of the femoral, and then, 
less than half an inch external to it, for the profunda. This 
hitter pulsation will be found generally, to begin at little over 
an inch f> - om Poupart's ligament. Only blunt instruments 
should now be used to search for the vessel. The cellular tis- 
sue immediately around the profunda is quite tough and 
dense. We first come across many branches of the anterior 
crural nerve, running nearly parallel with the vessel, and 
rather external to it; by continuing the search between these 
branches and the femoral artery, we soon expose the trunk of 
the profunda. The isolation may be carried up to its origin 
or down the thigh, past the point where the two circumflex 
vessels are given off — but the situation of the wound must de- 
termine the point at which to apply the ligatures. The needle 
should be introduced from within outwards to avoid the femo- 
ral vein and profunda vein which are on the inner side and 
somewhat in front of the artery. The branches of the anterior 
crural nerve are easily excluded. Assisted by the sound in 
the track, the operation is even more simple than above de- 
scribed, unless the vessel be wounded very deeply in the 
neighborhood of Me bone. 

The External Iliac Artery — The external iliac ar- 
tery, on each side, passes obliquely downwards and outwards 
from the division of the primitive iliac, along the inner border 
of the psoas muscle as far as Poupart's ligament, where it be- 
comes the femoral artery. In this course the external iliac 
vessels are behind the abdominal muscles and the peritoneum 
and are enveloped by a thin layer of fascia derived from the 
iliac fascia, serving as their proper sheath. The artery is 
crossed at its commencement by the ureter, and near Poupart's 
ligament by the genital branch of the geuito-crural nerve and 
by the circumflex ilii vein. It is separated externa^/ from 
the psoas muscle by the iliac fascia ; and posteriorly, it is in 
relation with the external iliac vein, which, at Poupart's Kg- 
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anient, lies on its inner side. Lymphatic vessels and a few 
glands lie in the course of the artery. The trunk is free 
from branches till about to pass under the femoral arch wheu 
it gives off two of considerable size, the deep epigastric and 
deep circumflexa iliac. The course of the external iliac is 
indicated by a line drawn from a point a little external to the 
umbilicus to a point midway between the anterior superior 
spinous process of the ilium and the symphysis pubis. 

There are several methods of operating recommended, but 
only two can be said to be of frequent practice — the one ori- 
ginally practised by Mr. Abernethy, and the other that of 
Sir Astley Cooper. The original operations are seldom per- 
formed without some modification, yet one or other of the 
two methods is generally adopted. 

Mr. Abernethy s Method. — The patient should be laid on 
his back, but a little inclined to the opposite side, that the 
intestinal mass may gravitate away from the region to be 
operated on ; the shoulders should be elevated and the limbs 
somewhat flexed. Make an incision three and a half or four 
inches in length in the course of the artery, beginning on a 
plane somewhat below and external to the umbilicus. This 
will be nearly perpendicular to the centre of Poupart's liga- 
ment, terminating about half an inch outside the external 
abdominal ring, falling short ci' ike ligament. The skin 
and superficial fascia having bee i cut through, the external 
oblique should be divided on a director. The instrument 
should now be passed beneath the lower edge of the internal 
oblique and transversalis muscles, and these divided succes- 
sively and cautiously to the extent of the fifft incision. The 
transversalis fascia being thus exposed, must also be similarly 
divided. The peritoneum now being reached, must be gently 
raised with the fingers, out of the iliac fossa, and pressed in- 
wards toward the linea alba, when the artery will be felt pul- 
sating along the inner side of the psoas muscles. The vessels 
are enveloped in a dense cellular membrane connecting it with 
the vein on the inner side ; this must be torn through with 
the nail and the aneurism-needle passed between the vein and 
artery, and the point made to emerge on the outer side of the 
latter. It is safest to secure the vessel at some distance above 
the origins of the epigastric and circumflexa ilii arteries. 
The anterior crural nerve is out of the way, bein^ on the 
outer edge of the psoas muscles. 
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Sir Astley Cooper '$ Method. — The patient being placed in 
a position somewhat similar to the above, a similar incision, 
about four inches in length, is made, with its concavity di- 
rected upwards and inwards towards the umbilicus. This 
should extend from a little above and internal to the anterior 
superior spinous process of the ilium to the outer side of the 
external abdominal ring ; by this, the skin and superficial 
fascia are divided and the external oblique tendon exposed. 
Make a hole in this, external to the outer column, and divide 
it on a director, thus exposing the inguinal canal, and the 
lower edge of the internal oblique and transversalis may be 
pushed upwards. The internal abdominal ring being now 
brought into view, is gently dilated and the finger, passed 
through this space, is directly applied upon the artery above 
the origin of the epigastric and circumfllexa ilii arteries. It 
is recommended to introduce the ligature from without in- 
wards in the operation, but Mr. Guthrie prefers that it should 
be applied from within outwards, as he has seen the veiu 
injured by the opposite proceeding. 

Explanation.— Plate VII. figure 34, does not represent 
either of the above operations, but a modification described 
by Bernard and Huette : a, the internal oblique and trans- 
versalis muscles divided ; I, the external iliac artery, with the 
ligature under it, and the vein to its inner side; c, the apon- 
eurosis of the external oblique divided; d, the peritoneum 
pressed towards the median line. See also figure 35, plate VIII. 
for the anatomical relations of this vessel, and for the several 
lines of incision: a, Mr. Abernethy's line of incision; c, Sir 
A. Cooper's line of incision ; b, dotted, showing Bogros s line 
of incision ; /, the external iliac. 

The points chiefly to be guarded against in ligation of the 
external iliac are: wound of the epigastric artery, or of some 
of the constituents of the spermatic cord, or laceration or too 
great disturbance of the peritoneum, or puncture of the ex- 
ternal iliac vein, or including the genito-crural nerve in the 
ligature. The epigastric, if wounded, can be secured, but its 
ligation would close, as remarked by Dr. Holmes * an important 
anastomosis, and the chance of gangrene would be increased, 
though Mr. Guthriet thinks it is not a very serious matter^ 

* Op. citat, volume iii. page 515. 
| Commentaries, page 2«9. 
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The Epigastric Artery. — This artery arises from the 
inner side of the external iliac, near Poupart's ligament and 
passing inwards between the peritoneum and transversalis 
fascia, it ascends to the margin of the sheath of the rectus ab- 
dominis muscle, and passes up the abdomen, in a line drawn 
from a point a little external to the umbilicus to about the 
middle of Poupart's ligament. It is behind the inguinal canal 
and on the inner side of the spermatic cord at the internal 
abdominal ring. The operation for its ligation resembles 
somewhat that for reaching the external iliac, though it is 
not so extensive. 

Operation. — An incision about two inches long should be 
made parallel with and a little abave Poupart's ligament. 
The centre of this incision should be at an equal distauce 
from the spine of the ilium and symphysis pubis. The skin 
and cellular tissue being divided, introduce a director and 
divide the aponeurosis of the external oblicpie in the same 
direction. Pollow the spermatic cord to the internal abdomi- 
nal ring, which must be dilated with the finger. The epigas- 
tric may be felt on its inner edge ; it has a vein on either side 
of it. The cord may be pressed a little outwards and the artery 
isolated and secured in the usual manner. 

The Primitive Iliac Artery. — The common iliac arte- 
ries, the terminal branches of the abdominal aorta, are about 
two inches in length, and extend generally from the body of 
the fourth lumbar vertebra, divergently at each side, to the 
margin of the pelvis, opposite the sacro-iliac symphysis, where 
they each divide into the internal and external iliac arteries. 
The relations of the two vessels differ on the two sides of the 
body. The right is in relation in front with the peritoneum, 
and is crossed at its bifurcation by the ureter, behind with 
the two common iliac veins, and externally with the psoas 
magnus. The left is also in relation in front, with the perito- 
neum and ureter, but, in addition, is crossed by the rectum 
and superior hemorrhoidal artery. It is in relation only with 
the left iliac vein, which is behind it, and with the psoas muscle 
externally. Gun-shot wounds of the primitive iliac are gen- 
erally immediately fatal, only the fortunate accidcut of trau- 
matic aneurism ever allowing the opportunity for ligation as a 
result of such injuries. 

Operation. — Place the patient in a position similar to that 
in which the external iliac is tied. Make a slightly curved 
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incision four or live inches in leugth, extending one half above, 
tbe other half below the anterior superior spinous process of 
the ilium. This divides the skin and superficial fascia down 
to the external oblique muscle, and should commence nearly 
on a level with, and external to, the umbilicus. The muscles 
should then be carefully cut through in succession on a di- 
rector till the fascia trans versalis is arrived at; this also must 
be very cautiously opened and the director slipped between it 
and the peritoneum, so as to divide it to the requisite extent. 
Now draw the peritoneum upwards and inwards, towards the 
umbilicus. The ureter should be raised with the peritoneum 
from over the vessels that it may be out of the way of the lig- 
ature. The common iliac artery may now be felt and seen, if 
the wound is properly held apart ; the vessel should be care- 
fully isolated, with the fingers, aud the aneurism needle passed 
from within outwards on the left side, and from without in- 
wards ou the right, to avoid injury to the vein in its varying 
relation to the artery on the two sides. The ligature should 
be applied a short distance — little over half an inch — above 
the bifurcation of the trunk. See plate VIII, figure 35 : d, 
the common iliac ; r, line of incision for common iliac. 

The exact location of the incision, so far as reaching this 
artery or the external iliac, is not of vital importance, but it is 
best not to make it too perpendicular on account of the bulging 
or the bag of the peritoneum with the intestines, which seems 
greater as the incision approaches the median line. The quill- 
suture or silver wire, will be found the best mode of stitch to 
be used in closing these wounds. 

The Abdominal Aorta. — The aorta enters the abdomen 
between the two pillars of the dirphragm. In its course 
downwards it rests on the vertebral column to the left of the 
median line terminating on the fourth tendon vertebra, in 
the common iliac arteries. It has the vena cava on its right 
side, and on its left side a number of veins and sympathetic 
nerves. The vessel has been exposed and ligated, as is well 
known, by Sir Astley Cooper and several other surgeons — each 
time with a fatal result. 

Operation.— The vessel could be reached by an incision 
similar to the one recommended for the ligation of the com- 
mon iliac. Sir Astley Cooper made an incision along the lmea 
alba, about three inches in length, a little to the left of the 
umbilicus. After opening the peritoneum, he pushed aside 
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the intestines, detected the vessel by its pulsations, and tore 
through the intervening layer of serous membrane, with his 
finger-nail, on the left side, then carried the finger under the 
vessel, and introduced the needle from left to right. The 
vessel may be ligated about an inch above its division. It is 
difficult to conceive of any circumstances, of either the field 
or hospital, which would justify this last and most desperate ' 
resort tor the staunching of hemorrrhage. 

The Internal Iliac Artery. — The other terminal trunk 
of the primitive iliac is intended to supply the viscera and 
walls of the pelvic cavity. The internal iliac is a short, thick 
vessel, about an inch and a-half in length, extending from the 
point of bifurcation of the common iliac downwards, to the i 
upper margin of its great sacro-sciatic foramen, where it di- 
vides into an anterior and a posterior trunk. Like the primi- 
tive and external iliac arteries, it has the peritoneum spread 
over it in front and near its origin, the ureter crosses it to 
reach the lower fundus of the bladder. On the other side is 
the psoas magnus muscle, and behind it is the internal iliac 
vein, lumbo-sacral nerve and pyrifprmis muscle. The artery 
has been tied a number of times, fqr aneurism of one or other 
of its branches. , 

Operation. — The patient is placed^ as in the preceding ope- 
rations, on the primitive and external iliac. Make an incision, 
about five inches in length, slightly convex outwards, com- 
mencing about half an inch to the ou^er side of the external 
abdominal ring and an inch above Poupart's ligament, so as 
to avoid the spermatic cord. The line of incision should be 
nearly parallel with the course of .the epigastric artery, but a 
half or three-quarters of an inch to its outer side, and should 
terminate little over an inch above, and to the inner side of, 
the anterior superior spinous process of the ilium. The skin 
and superficial fascia being divided, the several muscular strata 
should be divided on a director. It is probable certain branches 
of the superficial epigastric and superficial circumflexa ilii may 
require tying in the course of the incision. The trans versalis 
fascia having been reached, it must be carefully opened by 
pinching through it with the finger-nail, and the director in- 
troduced upwards and downwards, so as to divide it to the 
required extent. The peritoneum is then to be carefully 
separated on the iliac side with the index-finger, and drawn, 
with the bag of intestines towards, the linea alba. Continue 
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now carefully to separate the membranes towards the sacro- 
vertebral articulation, with the left hand, following up the 
movement with the thumb and finger of the right hand, till 
the external iliac artery is reached. This is our guide, first 
to the bifurcation, and secondly to the descending trunk of 
the internal iliac, which we are seeking. The point at which 
this divergence takes place is nearly opposite the centre of a 
line drawn from the anterior superior spinous process of the 
ilium to the umbilicus. Use the left fore-finger to isolate the 
artery on its inner side, and the right for the outer side. It then 
may be either hooked up with the left fore-finger, or picked 
up between the fore-finger and thumb of the right hand, and 
pulled inwards from the wall of the pelvis. In passing the 
Hgature, an object of particular care is to avoid the ureter, 
which is near the origin of the artery and on its inner face. 
The instrument, best adapted for introducing the ligature in 
a vessel so deeply seated, is that heretofore described (page 
110) and represented on plate I. figure 7. The ligature should 
be passed, from withiu outwards, to avoid injury to the veins. 
The fore-fingers of both hands should be deeply introduced 
into the wound, back to back, so as to secure strangulation of 
the vessel in tightening the ligature. The parts should be 
properly drawn together afterwards aud united with the quill- 
suture or with silver-wire. See plate VIII. figure 35, Arte- 
ries: e, the internal iliac artery, given off from the primitive; 
h, the ureter, passiug over the vessel ; m, the psoas magnus 
muscle. 

Some of the branches of the internal iliac are interest- 
ing, on account of the frequency of gun-shot wounds of the 
buttock : 

The Gluteal Artery. — This is a short, thick trunk, 
which passes downwards to the upper part of the great sacro- 
sciatic foramen. Escaping from the pelvis, above the upper 
border of the pyriformis muscle, it immediately divides into 
a superficial and deep branch. The trunk of the gluteal is 
deeply situated, being covered by the gluteus maximus and 
medius muscles, and often, by a very great thickness of dense 
fat; besides this, to reach it, we will encounter probably many 
of its muscular branches, the bleeding from which will much 
obscure the operation. The two branches of the gluteal, the 
superficial lying between the gluteus maximus and medius, 
and the deep, along the superior curved line of the ilium arc 
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even more liable to be wounded than the main trunk. They 
are neither of them so deeply seated. A line, drawn from the 
posterior superior spine of the ilium to the trochanter major, 
marks the course of this vessel. 

Operation. — Neither this artery, or its branches, should ever 
be searched for, except in case of their being wounded and 
bleeding. For aneurism, the ligature is applied to the internal 
iliac. In case of a gun-shot wound, the vessel can be best found 
by introducing the sound to re-establish the track of the ball. 
Then either follow the sound, or cut transversely to it, as near as 
possible the line of the branch suspected to have been wounded. 
The accumulation of clots will lead to the situation of the 
wound along the line of the sound. If the superficial branch 
is wounded, it will be found by reaching the intermuscular 
layer, between the gluteus maximus and medias muscle, and 
extending the separation up towards the crest of the ilium, 
till the beating of the vessel, or the fibrinous accumulation 
about the wound, shall indicate its position. 

Mr. Guthrie* gives- the following description of the opera- 
tion : Place the body on the face, turn the toes inwards ; com- 
mence the incision, one inch below the posterior spinous pro- 
cess and one inch from the sacrum ; carry it on towards the 
great trochanter, in an oblique direction, to the extent of five 
inches. Divide the gluteus muscle and the aponeurosis be- 
neath it, and seek for the artery as it escapes through the 
upper and anterior part of the sciatic notch, lying close to the 
bone. If the vessels of the gluteus muscle bleed so as to be 
troublesome and cannot be stopped by compression, they must 
be secured. 

Plate VIII. figure 36, iVrteries, exhibits the incision and 
the artery raised on an instrument. 

The Sciatic Artery. — The sciatic artery is also distri- 
buted to the muscles on the back of the pelvis. It emerges 
from the pelvis, through the lower part of the great sacro- 
sciatic foramen, between the pyriformis and cocygeus muscles. 
It then descends in the interval, between the trochanter major 
and tuberosity of the ischium, in company with the sciatic 
nerves, and covered by the gluteus maximus muscle, dividing 
into two branches, which supply the deep muscles at the back 
of the hip, one branch accompanying the great sciatic nerve 

* Commentaries, page 269. 
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some distance down the thigh. A line drawn from the pos- 
terior .superior process of the ilium, to the tuberosity of the 
ischium, will traverse the point of exit of the artery at its 
centre. 

Operation. — The patient should be laid with the body face- 
downwards, with the foot inverted. Let the centre of a ver- 
tical incision, over three inches long, fall upon the point of 
exit of the artery as given above. This incises the skin, cel- 
lular tissue and fat, down to the coarse tibres of the gluteus 
niaximus — dividing as few as possible— over the lower part of 
the sciatic notch. The sciatic nerve will soon bo seen, which, 
being followed up, will lead to the artery which is found at, 
its inner side, the vein is also to its inner side but somewhat 
posterior. There will be no difficulty in isolating and securing 
the vessel, provided the wound is held opeu with blunt spatulas. 

Mr. Guthrie advises that an iueision similar to, and in the 
same direction as that used to reach the gluteal be made to 
expose the ischiatic artery, only that it must be made an inch 
and a half lower down than the one for the gluteal. It must 
he recollected, however, that the two operations just described 
contemplate the ligation of each vessel at a particular pa,t 
of its course. This selection is only allowable when these 
vessels are to be tied for aneurism • when they are wounded 
it is advisable*to ligate the vessel in the track of the wound at 
whatever portion that may traverse it, applying two ligatures, 
one to each end of the divided vessel, otherwise recurrent 
hemorrhage is apt to prove the operation perfectly useless. 
The sound should be introduced if practicablc^-we know then 
that it transverses the arterial wouud, and our duty is to cut 
through, by the nearest and most practicable route, all inter- 
vening tissues not endangering life, so as to arrive at and 
secure the bleeding vessel. 

The Internal" Pudic Artery. — The internal pudic is 
one of the terminal branches of the internal iliac. It descends 
to the lower part of the great sacro-sciatic foramen, through 
which it emerges from the pelvis between the lower border of 
the pyriformis and the coccygeus muscles. It here crosses the 
spine of the ischium, re enters the pelvis through the lessor 
sacro-sciatic foramen, passes forward over the tuberosity of the 
ischium, about an inch from its border, to the ramus; now, 
ascending along the ramus of the ischium and pubis, it pierces 
the triangular ligament near the symphysis, and divides into 
9 
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its two terminal branches the cavernous artery and the clorsa- 
lis penis. Like the gluteal and ischiatic arteries, it is covered 
by the gluteus maximus muscle while external to the pelvis, 
aad is consequently very deeply seated. The artery may be 
reached at two places should it be deemed necessary to ligate it, 

I. Ox\ T the Spine of the Ischium. — The vessel is here, 
for a short distance — half an inch-*— on the outside of the pel- 
vis, but it is most frequently covered by some of the dense 
fibres of the greater sacro-sciatic ligament. Place the patient 
on the face. Make an incision from about au inch below the 
posterior spinous process of the ilium for five inches towards 
the trochanter major, through gluteus maxiinus, and search for 
the vessel on the spine of the ischium, which separates the 
lesser from the greater sacro-sciatic foramen. Some of the 
fibres of the ligament overlying the vessel must be cut through 
and the artery may be isolated and tied as it crosses the outer 
surface of the spine of the ischium. It will be found here 
without fail. 

II. In the Perineum. — The artery here is just within 
the ascending ramus of the ischium. The patient should be 
placed in theTposition for lithotomy. The rami of the pubis 
and ischium may be felt beneath the skin below the symphy- 
sis pubis ; make an incision vertically along this line of pro- 
jection dividing the fascia carefully, then feel, just within the 
inner border of the ramus, for the pulsation of the vessel. It 
may here be found and secured, care being taken to include 
nothing but the artery in the ligature. 

Explanation. — Plate VIII, figure 88, Arteries, is a repre- 
sentation of the operation for ligation of the internal pudic in 
the perineum. 

Anastomoses. — The anastomotic communications of the 
inferior extremity although, in general, not so abundant and 
direct as those of either the superior extremity or of the head 
and neck, are still sufficiently so to render the measure of 
ligation of the main trunks warrantable in almost every region 
of the limb, so far as the apprehension of a non-supply of nu- 
trition is concerned. Indeed, unless for some object worthy 
the risk, .as to combat destructive inflammation or to avoid in- 
creased peril to the patient, this freedom of inosculation is such 
as to render ligation in the continuity a somewhat doubtful mea- , 
sure in wounds of arteries, for fear of recurrent hemorrhage. 
In thefoot'and ankle' we have seen that the anterior and posterior 
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tibial and the peroneal communicate freely through the plan- 
tar arch and the perforating and the malleolar arteries ; at the 
knee, these vessels of the leg combine with those of the thigh 
to form a network of communications — a universal and most 
interesting rete — which enmeshes the joint externally and 
penetrates into the interior of the bone, making its cancellous 
structure, perhaps, the most vascular of any part of the osseous 
system, and accounting for the obstinacy and destructiveuess 
of inflammation in this joint, by inosculations between the re- 
current and muscular branches with the articular arteries of 
the popliteal.* All along the thigh, a collateral chain estab- 
lishes by-channels for the blood, from the upper to the lower 
region, by the perforating branches of the profunda ; and 
lastly, around the hip-joint the' communication seems so abun- 
dant, that the internal iliac and its branches may be almost 
considered the grand anastomotic t runic between the body and 
the lower limb, accomplishing between the- two, a thorough 
community of circulation The gluteal, the ischiatic, the in- 
ternal pudic and the obturator anastomose freely with each 
other, and by communication with arteries above and below 
constitute an unfailing collateral circulation. 

In consequence of this very free communication, anastomo- 
tic aneurisms of the gluteal region are of frequent occurrence, 
and ligation of the affected trunk does not always succeed in 
curing them. For the same reason, has it been found neces- 
sary in gun-shot wounds of these arteries to apply two liga- 
tures at the point of lesion. "We should not be deterred from 
cutting down upon and searching for, either the gluteal or is- 
chiatic when bleeding, by the depth and frightfuluess of the 
incision required to reach them. We all know with how lit- 
tle ceremony and how indiscriminately a fragment of shell 
often ploughs through and tears away a large portion of these 
muscles, and also how little permanent injury is sustained, 
and also how rapidly nature will replace the deficiency by 
granulation, when she has the blood to do it with ; certainly*, 
no amount of judicious cutting by the surgeon, to save this 
blood, could be more irreparable than this. 

In the surgical treatment of hemorrhage, impossibilities 



* These articular vessels enlarge grefitly during inflammation of 
the knee-joint; end when amputation is necessary, after M 
existed, a Urge number of them require ligation. 
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sometimes stare us in the face, and the most conscientious dis- 
charge of duty may prove entirely unavailing. When we have 
faithfully carried out, however, the well considered determi- 
nations of an enlightened judgment, we are free from blame 
for the result, no matter how disastrous or however much to 
be deplored. Suppose, in some extreme case, life should give 
out in the very midst of our earnest efforts to save it— even 
this sad event will be less painful to the military surgeon and 
to the true man, than the enduring, bitter reflection that, he 
had either carelessly, or indolently, or ignorantly, or procras- 
tinatingly, or even timidly, allowed a wounded fellow-soldier— 
to Bleep to Death. 



CHAPTER IV. 

AMPUTATIONS IN GENERAL. 

An amputation is the complete removal of all the struc- 
tures of a part, or of the whole^f a limh. This may he 
effected cither at a joint, or at any intermediate point. In 
I he first case the knife suffices for the separation, and the am- 
putation is said to be in (he contiguity. In the last, or an am- 
putation in the continuity, a perfect section demands the use 
of the saw or hone pliers. Whatever the seat of the ope- 
ration, due care must be taken to preserve enough of the soft 
.structures to cover, without tension, the cut or articular cud 
of the bone. 

In the standard methods of amputation, the integument is 
divided by circular, elliptical or hemi- elliptical incisions; or 
by a combination of the first and last forms. 

In the first method, the soft structures are necessarily in- 
cised iu succession from without inwards, or from the surface 
towards the centre. This plan may be pursued in the execu- 
tion of the other methods ; but they may also be wholly or 
partially completed by cutting out after transfixing, the limb 
on the opposite sides' of the bone at points not quite co-inci- 
dent. The whole operation being effected on this plan, or by 
combining this with the cut from within outwards. 

These standard methods have received names from the 
shape of the resulting wound. Hence the terms circular, 
flap and oval amputations. Sec figures 1 , 2, 3, (5, plate 1. _ 

Arrangements.— As in all operations, the necessary in- 
struments, dressings, &c, should be placed in order, and 
within easy reach of the surgeon. The patient should occupy 
the required position. In all cases, that giving ; the operator 
entire command of the seat of amputation. The skin must 
be shaved for several inches above, and below the line of inci- 
sion The assistants should take place as directed by the sur- 
geon and should, as far as possible, retain their relative posi- 
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tions to the end of the operation. Two points must be care- 
fully attended to before the slightest wound is inflicted. If 
an anesthetic is used at all, see that the patient is fully under 
its influence. Be sure the chief artery of the limb is com- 
manded either by hand, or by the tourniquet. When the 
tourniquet can be applied, prefer it to all other means of con- 
trolling the local circulation, no matter what the surgeons 
theoretical views with regard to the advantages of other 
kinds of pressure. 13e certain that the instrument is so ap- 
plied that no struggles of the patient will impair its power. 
The direction is sometimes given to place the tourniquet ;is 
far as possible from the s^t of operation. This is not a rule 
for general guidance. The precept would be better enunciated 
thus: Adjust the instrument so that it may compress the 
artery against a bony surface, and let it be as near the line of 
incision as may be compatible with a proper retraction of the 
soft parts, and perfect freedom of action on the part of the 
surgeon. When the command of a single large trunk will 
not entirely arrest the circulation through the parts to be 
sacrificed, be careful not to tighten the instrument until the 
moment before the incisions are begun. When the condition 
of the patient demands the greatest economy of -blood, ele- 
vate the limb, and bandage tightly from its distal end to the 
point where the artery is to be compressed. In screwing up 
the tourniquet let the movement be as rapid as possible. 

The directions here given are somewhat precise and de- 
tailed, because the success of an amputation, both as regards 
the life of the patient and the quality of the stump, will more 
niton be secured by the strict observance of these simple sug- 
gestions, than by the mode of amputation selected, or the 
dexterous manipulation of the operator. One ounce more, or 
less, of vital fluid, retained in the vessels, will often go far to 
decide the issue. These preliminaries settled, the surgeon 
may proceed at once to amputate in accordance with the me- 
thod previously selected. 

The Circular Method (Figures 1, 2, plate I). — What- 
ever the seat- and mode of operation, if the patient is to be 
anesthetized, he should occupy the recumbent posture, and 
should lie at length upon a table of such dimensions as will 
exact the least possible restraint in the movements of the 
operator. 

The part to be removed, in the case of the larger amputa- 
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tions, should project beyond the edge of the table, and should 
he supported and controlled by an assistant. In the circular 
method the surgeon always stands on the right of the diseased 
limb in such manner, that his left hand may rest upon and 
command the part to bo saved. An assistant, grasping the 
whole circumference of the integument a short distance above 
the seat of operation, steadily and evenly stretches the skin, 
by pulling iu the direction of the body. If it bus been found 
advisable to adjust the tourniquet near the line of incision, 
the retraction of the integument may be made previous to its 
application. The operator stooping, and encircling the limb 
with his right arm, holds the long amputating knife like a 
sword, so that its point presents downwards and towards him- 
self — the heel of the instrument resting on the upper part of 
the skin to be divided. Here the incision begins, and is con- 
tinued with a gently sawing motion, drawing the blade from 
heel to point, completely around the limb, to the spot where 
the cut commenced At. first the hand is prone and extend- 
ed, subsequently supine, and lastly, prone and strongly flexed. 
During the progress of this procedure the surgeon rises, and 
at its termination has resumed the erect posture. The first in- 
cision should divide the skin and superficial down to the deep 
i'ascia. Many prefer to make two w»u-circular cuts, whose 
extremities coincide. This proceeding is more easily managed, 
and is equally efficient, although it does not tickle the fancy 
of critics. In either case the integument should be cut at 
right angles to its general surface. 

The question whether this and subsequent incisions shall 
be made transverse or oblique, with reference to its long axis, 
is decided by the comparative length of the muscular fibres 
on the different aspects of the limb. When these are nearly 
equal, the cut should be transversely, when unequal, obliquely 
circular. In other words, the divided skin and muscles 
should be longer on the side of greatest retraction, which will 
always correspond to the longest muscular fibres. In ampu- 
tations of the thigh, for instance, at its middle or lower third, 
a transversely circular division of the soft parts will give an 
oblique or pointed stump. Here the long fibres of the sarto- 
rius, gracilis and great adductor retract more than those ot 
the quadriceps, and carry the skin with them 

The next step in the circular method wdl depend some- 
what on the point of amputation. In the thigh and arm, 
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where there is but one bone, and where the tissues arc healthy, 
and slide easily on one another, two more circular incisions 
are made, in accordance with the directions already given. 
The one divides the more superficial layer of muscles; the 
other reaches to the bone. Each is made in a line with the 
margin of the superjacent structures, when strongly retracted 
by an assistant. The edge of the knife in these last incisions 
is somewhat inclined towards the proximal end of the limb. 
So, that as a result of the whole proceeding, there is a hollow 
conoidal wound, at whose apex the bone is divided by the 
saw. (Figure 2, plate I.) 

Where there are two bones, or the soft structures, as in 
many secondary amputations, arc too adherent to admit an 
even and thorough retraction, it is found !>cttcr, before sever- 
ing the muscles, to dissect and turn up (he skin like a coat 
cuff. (Figure 1, plate ) In such cases endeavor as far as 
possible to hollow out the muscular layers by the proper use 
of the knife. If they should prove very unretraetile, dissect 
the deep layer back from its periosteal attachments for an 
inch or more before the bone is sawed. When two bones are 
involved in the amputation, the section of the soft tissues be- 
tween them forms a distinct step in the operation, and care 
should be taken not to introduce the knife with the edge up- 
wards. The interosseous soft parts should be incised close to 
the seat of proposed bone section. When the conformation 
of the limb does not admit the ready reversion of the skin 
cuff, as just above the ankle, wrist or koc, in muscular sub- 
jects, it may be necessary to make a longitudinal cut, equal in 
length to the skin to be turned up, and meeting the margin of 
this at some point in its circumference — usually over a bone. 
The distance of the skin incision from the point at which it 
is intended to saw, the hard textures must be decided by re- 
ference to the dimensions of the limb. One-fifth the circum- 
ference of the latter will give the required length. 

Flaps, (Figures 37, o8, 89.) — In amputating by this me- 
thod, the operator stands on the side most convenient to him- 
self. Either side presents its advantages. If his position brings 
his left hand in relation with the proximal end of the limb, 
he can more readily grasp and elevate the structures, out of 
which the flap is to be fashioned, and can conveniently make 
with his thumb and fingers the points of entrance and exit 
for the trans-fixing knife. On the other hand, if his position 
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is reversed, he is better able to control and steady the par* 
to be removed during the latter stages of the operation ; aud 
he rna^ thus, it is thought, prevent the binding of the saw or 
the splinteriug of the bone. 

Flaps may bo single or double; may be cut from within 
outwards, or by the reverse method ; and they may be cut from 
cither or both opposed aspects of the part to be amputated. 

In making double flaps by transfixion, the operator grasps 
the soft parts with his left hand, his fingers and thumb being 
so placed on the opposite sides of the limb as to correspond 
usually to the extremities of its transverse axis. These points, 
with the intervening structures, are so elevated as to permit 
the ready passage of the blade on the side of the bone from 
which the flap is to be cut. A long bladed, sharp pointed 
knife is then thrust transversely, or obliquely (having due re- 
gard for the precepts already given concerning the unequal 
retractility of the muscles) through the part, an inch or two 
below the point elected for the bone section. The knife 
should graze the bone, and is made to cut its way gently 
downwards and outwards, so as to fashion a flap, whose length, 
without stretching, shall equal one-half the diameter of the 
proposed stump. In some cases it is found advisable to graze 
the bone in a downward line until sufficient length of the flap 
is obtained, and then to cut abruptly outwards. The with- 
drawn knife is again entered one or two inches below the 
original poiut of transfixion, aud traverses the limb on the 
opposite side of the bone. A second, similar and opposed 
flap is thus made. The flaps are turned up, and, as in the 
circular method, the tissues are strongly retracted. An en- 
circling sweep of the blade divides tiie remaining muscular 
substance and the- periosteum close to the separated angle of 
the retracted flaps. The bone is sawed at the same point. 
When the flaps, owing to parcity of skin, are likely to be at 
all deficient, it will be well to dissect back the deep muscles 
from their periosteal connections (as already advised in cases 
of circular amputation) before using the saw. 

It is evident that any proportion between the flaps may be 
obtained, according to the will of the operator or theexigen- 
cies of the case. It being always remembered, that in order 
to secure a good stump, oue flap must be increased in length 
just in the same ratio that the other is reduced. These altered 
relations may be carried to the extreme, resulting in a single 

9* 
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ffap on oue side and a transverse cut on the other ; giving a 
combination, so to speak, of the two principal methods just 
described. •* 

in very muscular subjects better results may be sometimes 
obtained by cutting the flaps from the surface towards the 
centre. In such, too, one or other of the following plans may 
be adopted : Semi-elliptical skin flaps may be dissected and 
turned up, while the muscles are divided close to their base 
by a circular sweep down to-the bone; or the skin flaps, made 
as before, may be simply retracted, and the muscular struc- 
tures incised by transfixing and cutting outwards from their 
retracted margin; or the redundant tissue may be pared, as 
an alter step in the ordinary flap operation. 

Mr. Teale, of Leeds, has proposed a modified flap operation, 
(figures 4 and 5, plate I.) which presents the advantage (if it 
be an advaj^age) of withdi-awing theMine of cicatrix from the 
face of the stump, and for which he claims an extended suc- 
cess. Two flaps are cut from opposite aspects of the limb. 
Each is to possess a rectangular outline. They are to be of 
unequal length. The long one is to be a square, whose sides 
shall measure half the circumference or the part to be incised. 
The short flap is to be one-fourth of the length of its fellow. 
Their outline is to be traced with ink previous to the opera- 
tion, as in figure 4. He directs the longitudinal cuts to be 
made first, and only through the skin. The transverse inci- 
sions are cut at once to the bone. Each flap is completed by 
dissecting upwards close to the periosteum ; care is taken to 
select the long flap from that side of the limb not containing 
the larger nerve trunks and blood vest's. The bone is sawn 
transversely at the has* of the flaps. The long one is doubled 
on itself, so as to appose its free end to that of the short one. 
These and the other margins of the resulting wound are held 
in apposition by sutures alone. No other dressing is used. 
The i»tump is elevated on a cushion, covered with a wire cage, 
and cleansed by sponging from time to time. The appearance 
of the hues of incision, when brought in contact in the man- 
ner described, will be understood by reference to figure 5, 
plate I. Theoretically, at least, we would be inclined to re- 
ject Mr. Tcale's procedure, especially in field amputation. 
It produces a larger wounded surface and a more extended 
cicatrix than any of the usual methods. 

Oval Method, (figure 5, plate I ) — This name is given 
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to an amputation in which the line of incision presents two 
limbs parting from the same point, to give the figure of an 
inverted V on one-half the limb, which, being rendered con- 
tinuous, circumscribes the remaining half with a semi-circular 
outline. The apex of the A is made to correspond to the 
seat of the desired bone section or disarticulations, and should, 
if possible, lie opposite to the great nerves and arterial trunks. 
The division of the soft parts is made at once to the bone, 
cutting from the surface ; or, still better, the skin may be first 
divided, making a second step of the separation of the deeper 
tisMies. In disarticulations at some of the larger joints, and 
in some amputations in the continuity, it is found easier and 
every way better to connect the limbs of the V by transfixing 
at their terminus, and cutting from without inwards. 

Amputations in the Contiguity. — The nature of these 
operations has already been mentioned. They are also called 
disarticulations. While their performance requires fewer in- 
struments than those just described, it involves the observance 
of the same general rules as to preparations, arrangements and 
e-haracter of incisions. Due regard must be had to the con- 
formation of the joint, the seat of operation, and every care 
must be taken to secure a sufficient covering of soft tissue. 
An accurate anatomical acquaintance with the parts concerned 
is an essential prerequisite to the dexterous accomplishment 
of the proposed task. 

. The recognition of the articular line is to be derived from 
its constant and invariable relation to bony prominences, skin 
creases and tendinous attachments, visible throtfgh the iuteg- 
uuieut, which, at the joints, fits more closely upon the hard 
structures than in the continuity of the limb, and permits us, 
in the healthy state, to ascertain without difficulty the line of 
1 unction between any two segments of the skeleton. When 
ks these guides, it is possible, ankylosis being 
absent, to gain the desired information by moving the parts 
be amputated noon that to be preserved, while the latter is 
rendered fixed and immovable The line separating the points 
of motion and quiescence, ascertained by firm pressure during 
the manipulation mentioned, will, of course, give the seat of 
articulation When this and other expedients fail, we have, 
with rare exceptions, an opportunity for comparison with the 
opposite limb An accurate measurement of the distance from 
parts plainly seen on both sides of the median plane will give 
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the desired knowledge. The exact position of the joint ascer- 
tained, the configuration of the articular surfaces, the attach- 
ment, shape and extent of the ligamentous and tendinous bonds 
of union must be present to the mind in effecting a speedy and 
skillful separation of the injured and healthy segment. 

The covering for the bony stump is obtained by the prac- 
tice of such incisions of the soft structures as are used in am- 
putations in the continuity, due allowance being made for the 
retractility of the soft tissues, which, in the muscles, is always 
in exact ratio to the length of the fibres connecting the parts 
to be separated. As specific rules will be furnished on this 
point in the description of the individual disarticulations, it is 
not deemed necessary to anticipate them in a consideration of 
the general principles to be observed. 

From what precedes we have learned that all amputations 
may be performed by one of two principal methods, or by 
their combination. These are the circular method and the 
method of double flaps. The single flap mode and " methode 
ovafair'a." may be justly regarded an association of steps de- 
rived from the two first. The former, giving a semi-circular 
cut ou one aspect of the limb ; the latter, presenting at one 
end two distinct flaps ; at the other, a continuous line of in- 
cisiou. 

Formerly, much time was spent in contrasting the relative 
value of the flap and circular operations. Now, a recital of all 
the arguments on both sides is almost useless. The majority 
of leading surgeons seem to have quieted themselves with the 
conviction, that, " cmteris paribus" the circular operation is 
par excellence the operation to be selected whenever the cir- 
cumstances of the case will permit. This statement, perhaps, 
carries greater weight in military than in civil practice. Still 
it will not be amiss if the surgeon will consent to forget the 
business of the advocate and look somewhat into both sides of 
the question. He will do well, until he attains the requisite 
facility, to practice each of the operations named wheuever a 
suitable opportunity presents, because what may be true as a 
general rule admits of undoubted exceptions. Thus, in ampu- 
tation at the hip, the double or single flap operation will be 
found preferable. In the removal of the fingers and toes, aud 
the extreme metacarpal aud metatarsal bones, the oval method 
should be selected. Let him bear in mind, in all amputations, 
that he sacrifices a part to save life, and that, in doing this, 
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it is desirable to save as much limb as possible. A circular 
operation makes a smaller wound and cuts the arteries trans- 
versely. For the first reason, it shocks less and gives a less 
extensive suppurating surface — makes a more compact stump, 
and, therefore, bears the jars of transportation better. For 
the second reason, the small arteries will either contract per- 
manently, or will be certain to show themselves at once and 
permit ligation, and will thus guard against subsequent he- 
morrhage. The single, or even the double flap, method may 
permit us to save more limb. Both may be performed with 
great rapidity, and both, under favorable circumstances, pro- 
vide a thicker cushion for the bony stump. The first is a 
questionable advantage if chloroform be used— the last is not 
a certain result. But, as before indicated, it is not desirable 
to be too obstinate in our prejudices in favor of either method, 
since, in full practice, we will certainly encounter conditions 
where we shall only be able to do full justice to the patient 
when capable of adapting one's self to the special exigencies of 
the case. In other words, the surgeon should be prepared to 
undertake any variety of amputation. 

All amputations involve at least four steps: I. The incision 
of the soft parts. II. The bone section, or disarticulation. 
III. The ligation of the vessels. IV. The dressing of the re- 
sultant wound. The division of the soft struct%ures is governed 
by the principles already given. 

The hone section is effected by tbft saw, in the case of the 
larger bones — by the bone pliers, in the case of the smaller 
bones. Previous to the use of the saw, the periosteum should 
be cleanly incised by a circular knife cut. The circumference 
of the bone section should coincide with this periosteal groove. 
If there is but one bone, the saw may be applied horizontally, 
and should first be drawn from heel to point with a firm, steady 
pressure, the blade being meanwhile guided and supported by 
the thumb-nail. This begins a cut, in which the instrument 
may be worked backwards and forwards rapidly, with a light, 
sweeping movement. Dunns progress, it is well to change 
its direction from horizontal to oblique, and, by the termina- 
tion of this step, it is best to work the saw vertically V, here 
two bones are to be cut, the saw is applied to both simul a- 
neously, but the section of the more slender or most movable, 
is first to be completed. In the leg, the fibula-in the fore- 
arm, the radius— is first to be divided. 
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The disarticulation presents differences dependant on the 
seat of the amputation. It includes the division of all the 
immediate bonds of union constituting the articulation, but 
especially the section of the ligaments, which bear constant 
relation to .the nature of the joint and the character of its 
movements. This division can only be performed with ce- 
lerity when we know where, how and what we ought to cut. 

Ligation of the Vessels. — As a general rule, the arteries 
alone require ligature. When bleeding from a vein is obsti- 
nately persistent, despite the elevation of the part, a ligature ' 
may be applied. It is well to avoid the use of this resource. 
All arteries seen to bleed had better be. secured with ligatures, 
which should -always be smooth, round, and as small as, may 
be consistent with sufficient strength, provided the arterial 
coats are healthy. Usually one end of the ligature is cut off 
close to the knob. This is really unnecessary trouble. The 
sharp, cut extremity is a source of as much, if not more, irri- 
tation than the smooth, continuous thread. 

The Dressings. — Hemorrhage having entirely ceased, and 
the raw surface being thoroughly cleansed by the free use of 
cold water and the sponge, the lips of the wound are to be 
adjusted and held in apposition by ligatures, adhesive strips 
or bandages, or by a.combiuation of two or more of these means 
as the case may require. In the circular operation, any direc- 
tion may be given to the line of union. That is, it may be 
made transverse, vertical or oblique, in either sense. \Vhcu 
free suppuration is to be anticipated, it is found better to facili- 
tate the draining off of the discharges by favoring their gravi- 
tation to one angle of the wound. The line of union is there- 
fore generally made oblique. In the flap or oval operations 
no choice is permitted. We are per force controlled by the 
line of incision. In any case the ligatures are arranged in 
groups, to be drawn out at the nearest angle of the wound. 
The interrupted suture is most iu use ; the distance between 
individual stitches being governed by our views as to the 
probability of immediate union, and the consequent necessity 
of close apposition. Metallic sutures are preferable. Strong, 
even, well waxed silk thread will answer very well. Flax or 
cotton may be substituted when neither of the former .can he 
obtained, [f not contraindicated, keep up the administration 
of the anesthetic during the introduction of the sutures. The 
patient will thereby be saved much undoubted and unueces- 
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sary suffering. The application of adhesive strips will depend 
partly on the degree of support needed to prevent dragging 
on the sutures, and partly on the size of the wound. In 
tmall wounds, where the arteries have ceased to bleed without 
ligature, adhesive strips, accurately closing the line of incision, 
constitute an essential first dressing. .Sutures may here be 
entirely omitted, and immediate union is sought by the per- 
fect apposition of the edges of the. incised integument, and 
the careful exclusion of air. This refers to amputation through 
healthy tissues. In the larger amputations a certain amount 
of suppuration is almost inevitable under the most favorable 
circumstances, and must be anticipated. If from no other 
surface, it will be certain to occur along the track of the liga- 
ture groups. Provision must be made to permit the free exit 
of this pus by leaving the corresponding points uncovered by 
anything except an absorbent material In these cases where 
the patient is to be subjected, at ouce, to the jars of transpor- 
tation, interrupted adhesive stripping or a supporting bandage 
is demanded. Wet dressing is unnecessary in amputations 
through normal textures. And it is well to remember that 
we should endeavor to secure the immediate union of as much 
of the line of incision as possible, and that this end can only 
be attained by a perfect opposition of the corresponding integ- 
umental edges. 

Amputation of the Upper Extremities. 

Observation would seem to teach that the hazard of an am- 
putation is cseteris paribus in direct relation with the dimen- 
sions of the resulting wound, and the length of the part re- 
moved. Differently expressed, the larger the wound and the 
nearer it is to the proximal end of the limb, the greater the 
risk to life The inference is that we should always endeavor 
to save as much of the diseased Or injured segment as possi- 
ble Thi^ rule of general acceptance is especially applicable 
to the upner extremity, and especially to its terminal segments 
In nothing, perhaps, are surgeons so much in accord as with 
reference to the duty of preserving, within certain limits, the 
smallest fragments of the fingers. Hence, short as are the 

, it is customary, whenever possible, to cut in the 

Ji,„t.iuuit.v as well as to disarticulate. In either case, it is well 
, aoto ihrief outline of the structure of the parte concerned. 
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The skeleton of each finger is a jointed column (figures 7, 
8, plate I.; figures 0, 10, 11, plate II.) composed of three long 
segments surmounting the heads of the metacarpal bones, and 
joined end to end. Each is shorter than the other, preceding 
from the upper to the terminal phalanx. The extremities of 
each segment are broader than the intermediate portion, which 
is convex in both directions on its dorsal, concave in both on 
♦its palmar aspect, and tapers slightly from above downwards. 
There are three joints in each finger; one between the basal 
phalanx and the metacarpal bone, the other two, resulting 
from the apposition of phalanges. The metacarpal joint is 
condyloid. The articular surfaces are more or less elliptical. 
The metacarpal is convex in both senses- and prolonged to- 
wards the palm, so that its long diameter is antero posterior 
and opposed to the short diameter of the corresponding end of 
the phalanx, whose articular extremity is concave. (Figure 
11, plate II.) The phalangeal articulations are both of the 
ginglymus variety. These are formed by the distal end of the 
second and middle phalanges, each bearing a surface fashioned 
like the segments of a pulley, an! the proximal extremities of 
the second and terminal phalanges, conversely figured. That 
is, bearing a central antero-posterior ridge, flanked on either 
side by a "glenoid depression. (Figure 10, plate II.) In each 
case the long diameter of the joint is transverse. In each 
case, too, this diameter of the upper end of the more distant 
phalanx exceeds somwhat in dimensions the opposed extremity 
of the bone it joins. The bonds of union between all these 
segments are two strong lateral ligaments, attached to non- 
articular depressions, flanking the extremities of the contigu- 
ous bones; while the flexor and extensor tendons cross and arc 
closely applied to the palmar and dorsal aspects of the joints. 
The sublimis attaching itself to the palmar margins of the 
second, and the profundus to the bases of the terminal pha- 
langes; the common extensor getting connection with similar 
points of the dorsum. The principal blood vessels and nerves, 
two for each finger, skirt the junction between the lateral and 
palmar surfaces. The integument clothing the parts is thin 
and loose, laterally and behind ; thick and regularly marked 
in front. Where we find with tolerable constancy three 
a principal and distinct transverse creases or lines bearing a 
nearly invariable relation to the joints just described. (Figure 
8, plate I.j figure 9, plate II.) The middle line corresponds 
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to the joint between the metacarpal aud second phalanges. 
The line nearest the matacarpal bone is twelve or thirteen 
lines below the articulation of that bone with the basal pha- 
lanx ; while the terminal skin crease is about one line and a 
half above the distal phalangeal joint ; (/', figure 42.) 

Amputation of the fingers — between the joints — may 
be performed by the circular, double or single flap methods. 
In the circular operation the skin aud areolar tissue are divi- 
ded by the first cut, and retracted to a sufficient distance, when 
a second sweep incises the theca tendons and periosteum. 
Hone pliers or a line saw will cut the phalanx. (Figure 12, 
plate II.) Double flaps may be dorsal and palmar or lateral. 
Each is semi-elliptical, with its convexity downwards. In the 
first case, the palmar cut may be made by transfixing and 
grazing the phalanx. The other flaps can only be fashioned " 
by incising from without inwards. One may be so increased 
in dimensions as to furnish alone a sufficient skin covering for 
the stump, the other being altogether omitted, and replaced 
by a transverse division of the tissues. When this single flap 
is palmar, it gives the best possible result, throwing the line 
of cicatrix in the dorsal aspect of the finger But little art 
is needed in the performance of these amputations. The great 
point is to make such calculation for retraction as will bring 
the bases of the flaps to coincide with the point where it is 
desired to cut the bone. Otherwise, we shall have to sacrifice 
an unnecessary amount of phalanx, just what we wish to save. 

Disarticulations of the Phalanges. — In these, as in 
all amputations in the continuity, the first step is to recognize 
the articular line. A due regard to the general precepts aud 
anatomical outline of the parts, already given, will conduct to 
the desired end. Here, as in the operations between the 
joiuts, the two principal methods, with their obvious modifi- 
cations, may be practised. Such accuracy of eye and judg- 
ment, as may be required to make allowance for retraction 
of the soft parts, will be especially needed. Remember 
that it is easy to pare redundant integument, while one 
cannot shorten the bone and at the same time preserve its 
articular end. The position of the joint certainly ascertained, 
the circular division of the skin at the proper level presents 
no peculiarities; the lateral ligaments are divided, and the 
joint may be entered from cither aspect, cutting first cither 
the djrsal or palmar tendon ; finishing the separation by the 
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division of its opponent. B'laps may be fashioned, as ior am- 
putations, in the continuity. The palmar flap, when required, 
by transfixing one or two lines below the articular junction, 
and cutting downwards and outwards. Where a single palmar 
flap is proposed, it may be made, as suggested, previous to, or 
after, disarticulation In the first method, (figure 14, plate 1 1 . ) 
the hand is to be held supine. The flap is commenced by 
transfixion. When finished, it is turned up and retracted. 
The lateral ligaments, flexor and extensor tendons, and dorsal 
integument are incised by an almost continuous movement 
from within j traction being made by the surgeon upon the 
part to be removed, to render tense the fibrous bonds of uuioti 
and facilitate disarticulation, while retraction of the skin se- 
cures its sufficient preservation. If it is proposed to disar- 
ticulate before carving fjie palmar flap, the skin must be first 
incised transversely a line below the joint, (figure 13, plate II.) 
the ends of this cut coinciding with the level of the palmar 
aspect of the articulation; the hand meanwhile being prune 
and the part to be removed somewhat flexed. The joint is 
traversed as before, but from behind forwards. The same 
tractions are exercised, and disjunction being effected, the 
knife is passed in fiout of the phalanx, which, at this moment, 
is to be extended, to begin the pal j; p, completed in the 

usual way. 

An entire finger may be n moved at the metacarpal 
joint by either of the standard methods. 

The circular is the least desirable in practice. In this, 
the Hue of incision of the soft tissues is made to correspond 
with the upper transverse palmar skin crease c, Figure 8, 
Plate I. Subsequent dissection and disarticulation complete 
the operation. 

Double flaps should be lateral. In this and in the oval 
method, first recognize the articulation. When there is little 
or no swelling, the ligaments and tendons will so yield to 
strong traction as to permit a slight separation of the bones. 
The atmospheric pressure ou the soft tissues, will force them 
into the joint, whose line is theu indicated by a slight de- 
pression, visible at the sides and behind. Where the condi- 
tion of the parts will not admit this procedure, the distance 
of the joiut from the transverse palmar crease, (rarely 
wholly effaced) about one inch may be measured. The other 
fingers being held aside by an assistant, the parts to be ampu- 
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tated prone and somewhat bent, is fixed by the left band of 
the operator. The incision begins over, or a little above, the 
back of the articulation, and is carried obliquely downward 
to the web between tire fingers. This cut is prolonged to a 
corresponding point on the palm. The soft parts on the op- 
posed side are divided in the same manner. This cut, like 
the first, beginning and terminating at the point already men- 
tioned ; so that both incisions coincide at their extremities. 
Disarticulation is then effected by a division of the lateral 
ligaments and the tendons. In Lisfrancs' operation, the joint 
is entered and the bones arc separated after the completion of 
one flap; the second being formed by cutting from within 
outwards. The dotted lines diverging from a, fiigure 15, 
plate II. show the line of incision on the dorsal aspect of the 
part; c, b, figure 1G, plate III, show the flaps where fashion 
aud where disjunction has been completed. While making 
this palmar cut, the finger is to be extended, and the hand 
so elevated as to permit the eye to guide the knife. 

In !li'- oral method, the diverging dorsal incisions, instead 
of converging to a point on the palm opposite to where they 
began, arc made to coincide and become continuous with the 
palmar transverse skin crease. The knife, on reaching the 
web, follows the direction of the skin-line, while the finger js 
extended, and reaching its opposite extremity mounts again 
on the dorsum, retracing its steps to the point whence it 
started : the finger, meanwhile, resumes the semi-flexed posi- 
tion. The dorsal view, before disarticulation, is traced in 
figure 15, plate II. by the lines a, c, b, a. The appearance 
when the amputation is fiuished, is seen in figure 10, plate III. 
a', b', <;', <V. 

The expanded head of the metacarpal bone is quite a prom- 
inent object after this operation. With a view to the pro- 
duction of a more agreeable and convenient looking hand, 
many surgeons of eminence counsel the removal of this head, 
thus converting what was intended as a disarticulation into 
an amuutation in the continuity ; performing, in fact a double 
operation to accomplish a single object. All must admit that 
the extent of and the risks of the operation are thereby aug- 
mented. In the case of the middle and ring angers, where 
appearance is most to be served, this last step involves greater 
difficulty and more violence to the soft structures, than in the 
case of the index and little fingers. The writer would always 
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prefer to leave the metacarpal head of the fore-finger undis- 
turbed. Its opposition to the thumb is too valuable to throw 
away for appearance sake. In the other fingers, a certain 
amount of atrophy will at last occur ; so that it is, all things 
considered, a matter of some doubt whether it is good surgery 
to do more than mere disarticulation, where it can be 
avoided. If the taste of the surgeon, the wishes of the 
patient, or the nature of the injury or disease necessitate a 
further sacrifice of bone, it may be effected by prolonging ab 
initio the dorsal incisions to a point above the site of the de- 
sired section. The bone is cleared by close dissecting along 
its sides and palmar surface, and bone pliers are used for its 
division. 

Amputation op four fingers at the junction, between 
the phalanges and the metacarpal bones, may be done in Lis- 
frime's method, figure 17, plate III. The hand to be operated 
on is held prone. The fingers, slightly flexed, are grasped by 
the operator, while he steadies the part and abducts the thumb. 
An incision through the skin, whose curve is parallel with the 
articular Hue, is made on the dorsum, half an inch below, the 
joints. The assistant meanwhile retracts the integument. The 
exposed extensor tendons are cut in succession on a level with 
the metacarpal heads. The lateral ligaments and flexor ten- 
dons are then divided; the knife, (figure 17, plate III.) passed 
in front of the disjoined phalanges, cuts out a palmar flap, 
ending at the margin of the web A slight modification of 
this operation will answer for two or more contiguous fingers. 

The phalanges of the THUMB may be removed by 
methods and rules similar to those given for the fingers. 

Single metacarpal p.ones can be amputated in their 
continuity, at any point, by extending upwards the dorsal 
portion of the incisious practised in the disarticulation of the 
proximal phalanges. Care must be taken to cut close to the 
periosteal surface in dissecting the soft textures, that the 
larger palmar nerves and blood vessels may escape injury. 
Bone pliers must be used for the middle and ring fingers. A 
saw may be applied to the little and fore fingers, subsequent 
to the adjustment of a retractor. These last should be cut 
obliquely downwards from the corresponding margin of the 
hand, a, figure 18, plate III. The metacarpal bone of the 
thumb, however, is to be divided at right angles to its long 
axis. 
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The pour metacarpal bones of the fingers njay simul- 
taneously be amputated in continuity by the single or double 
flap methods. The flaps are dorsal and palmar, or only palmar. 
The last may be made by transfixion, although its margin can 
be more neatly fashioned by cutting from without inwards. 
After the bones are cleared, a five-tailed retractor protects 
the soft parts during the application of the saw, (figure 19, 
plate V.) 

Amputations at the Carpo-Metacarpal Joints. — 
The upper extremities of the five metacarpal bones form an 
irregular articular line with the second row of the carpus, 
whose general direction gives a curve with* the convexity 
downwards. The metacarpal bones of the fingers are also 
connected with one another. Leaving the thumb out of con- 
sideration, these joints are all of the arthrodial variety and 
permit but slight movement of the several pieces entering into 
their composition. The immediate bonds of union are short 
fasciculated filaments, attaching the dorsal and palmar aspects 
of the bones, with dense interosseous fibres crossing between 
t he opposed surfaces, (figures 20, plate III., 28, plate IV.) give 
a general idea of the mutual relations of the several pieces. 
The carpo-metacarpal joint of the thumb is distinct and inde- 
pendent. It is an articulation by mutual reception, in which 
the trapezium and metacarpal bone offer surfaces alternately 
convex and concave in opposite directions, with the short 
diameters of each opposed to the long diameter of the other. 
The ligamentous connection is a loose fibrous capsule, permit- 
ting all varieties of motion except rotation. Here the synovial 
membrane is also distinct, while in the other carpo-metacarpal 
and intermetacarpal joints it is a mere dependence of the com- 
mon synovial membrane of the whole carpus. The extremities of 
the general articular line ( //, ./', figure 28, plate IV.) can usually 
be recognized with facility, unless swelling marks the configu- 
ration of the parts. Forced adduction and opposition of the 
thumb produces a dorsal prominence of its carpal eud. The 
corresponding extremity of the fifth metacarpal bone projects 
sufficiently in any position, beyond the ulnar margin of the 
unciform, to be manifest to the touch in ordinary conditions. 
Besides, when the hand is between abduction and adduction, 
each of the points referred to is about one and a quarter inches 
below the styloid processes of the radius and ulna. Remem- 
beriuo- the direction of the curve, formed by the joints between 
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the two, no great error can arise in ascertaining their position. 
Removal of the metacarpal' bono of the thumb is always a 
separate operation. The other pieces of the series may be 
taken away separately or together. 

The first metacarpal hone may be conveniently ampu- 
tated by either the flap or the oval methods. 

Flap Operation. — An assistant commands the fingers and 
supports the hand. The operator abducts the thumb to be 
sacrificed. All the structures connecting the thumb and fore- 
finger are divided by an incision, carried from the centre of 
the connecting web to the base of the metacarpal bone. Care 
should be taken to graze the bone as the blade approaches its 
upper end. Otherwise, the radial artery, as it traverses the 
first interosseous space, will be wounded The edge of the 
knife, arrested by the trapezium, is directed -towards and opens 
the joint. Disarticulation is effected by light touches of its 
point. The blade, passed around the upper end of the bone, 
is then made to cut downwards and outwards, so as to detach 
an antero-external flap large enough to cover in the surface 
laid bare by the first incision. Figure 21, plate III. shows 
the position of the hand and knife just before the disarticu- 
lation is begun. The dotted line indicates the shape of the 
outer flap. To obtain the desired extent of covering, the 
bistoury is carried beyond the junction of the phalanx and 
metacarpal bone before cutting out. 

The oval method of Malgaigne, as modified from Scoutet- 
ten. An incision starts six lines above the joint on its dorsal 
aspect. An inch below, it divides into two slightly diverging 
blanches, whose greatest separation corresDonds to the width 
of the thumb at its phalangeal end of the metacarpal bone. 
Here, each cut approaches the palmar surface, across which 
the two coincide at the level of the web. This incision may 
be practised by a continuous movement of the knife down one 
side, across the palm and up the other, to the point where it 
meets itself. Clearing the bone by close dissection and disar- 
ticulation form the last steps of the operation, a, L and c, 
figure 22, plate IV. show the Hue of dorsal incision. In 
figuTc 23, plate IV '. disarticulation is being effected ; a, shows 
wh^re the cut divides. 

Listen's method is more elegant than either of those just 
described, and agrees with the last in avoiding a palmar cica- 
trix. It is thus given by Erichsen, "The point of a long 
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torrow-bladed bistoury should be introduced well on tbe pal- 
nuir aspect of the carpometacarpal articulation, carried over 
this, which it opens, and the dorsum of the hand as far as the 
web The point of the knife should then be pushed down- 
wards through the ball of the thumb, transfixing this and 
issuing where the incision commenced. It is next made to 
cut outwards, keeping next to the metacarpal bone, which is 
readily twisted out, the remaining attachments being separated 
by a few touches of the knife." In order to avoid an awk- 
ward crossing of the hands, on the part of the operator, who 
is not ambidextrous, in amputating the right thumb, the 
steps, of the operation are reversed. The ball is first trans- 
fired to make the palmar cut; next, we have the dorsal inci- 
sion and disarticulation. 

The second metacarpal bone is usually removed by 
the oval method. A glance at figure 20, plate HE. will show 
how this bone joins three pieces of the carpus, and, on the 
ulnar side, with the third metacarpal. The direction and 
extent of the several articulations, when viewed from behind, 
are seen in the plate. A point, one and a quarter to one and 
a half imhes below the styloid process of radius, marks the 
level of the joint with the trapezium. The dorsal incisions 
practised in this operation are shown in figure 20, plate III. 
a, h and c. These begin just above the joint, descending to 
the margin of the interdigital web within and to a correspond- 
ing point without, become continuous by following the palmar 
skin crease. The sides of the bone are cleared by close dis-^ 
section; the dorsal, external, interosseous and palmar bonds of 
Union are severe.! in succession ; and lastly, the wound being 
opened by an assistant, who commands the thumb and fingers, 
the knife is laid flat side in front of the osseous _ segment, 
whose ren aiuing connections arc then divided by cutting down- 
wards. The last step ol the operation is given in figure 25, 
plate 111. where a marks the point of the bistoury and h the 
radial edge of the metacarpal bone. Some surgeons prefer, 
in this operation, to practise a longitudinal cut over the radial 
margin of the bone, which divides near its head into two di- 
verging branches. One of these crosses the dorsum iu an 
oblique curve to the interdigital web ; the other, the palm, to 
the same point. 

The third and fourth metacarpal bones may be dis- 
articulated bv incisions and dissections similar to those just 
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described. The difference in the number and direction of 
their carpal joints may be learned by consulting figure 20, 
plate III. 

Tim fifth METACARPAL nONE may be removed either by 
the oval or single flap operations. The joint is most easily 
found by tracing downwards the ulnar margin of the boue 
upwards. A prominence, surmounted by a distinct depres- 
sion, is encountered. The point of junction betweeu the 
two corresponds to the joint. Here, or a little above, iu 
the oval method^ the incision is begun, and is 'Carried nearly 
as far down as the head of the bone, where it divides into 
two branches. One crosses the dorsum of the proximal 
phalanx and descends on its radial side in an oblique curve, 
to terminate at the margin of the interdigital web, while the 
other is carried as far as the ulnar end of the palmar skin 
crease, whose direction it then follows, and so meets the first. 
The separation of the soft tissues and the division of the liga- 
ments are steps easily accomplished. The joint is entered 
from within and behind, the edge of the knife being directed 
obliquely downwards and outwards. In figures 20 and 27, 
plale IV. are respectively traced the line of incision and the 
resulting cicatrix. 

The flap operation is performed thus : The hand being 
prone, the structures of the hypothenar eminence are grasped 
by the fingers and thumb of the operator, who lifts them be- 
yond the ulnar margin of the bone; close to this, and on a 
level with the carpal joint, the knife is thrust in somewhat 
obliquely from back to palm ; and the flap fashioned by cut- 
ting downward, hugging the bone all the way, should eud op- 
posite the margin of the interdigital web. This is turned 
back. The skin is dissected and sufficiently retracted to com- 
pletely clear the upper end of the interosseous space, when 
the knife is again entered, its point passing out at the same 
spot as before. (J razing the radial margin of the metacarpal 
bone, all the interdigital textures are divided. Disarticulation 
is accomplished as in the former case. The flap will be found 
adapted to cover the exposed surface. 

The metacarpal hones of the four fingers maybe simultane- 
ously separated from their carpal connections by Maiugault's 
method. The operation is thus described iu Bernard and 
Huette (figures 29 and 30, plate V.) : 

1st, The hand being held iu a position of forced supina- 
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tion, recognize at its outer border the articulation of the first 
metacarpal bone with the trapezium, and at its internal side 
the articulation of the unciform with the fifth metacarpal. 
2d. Introduce a small straight knife between the bones and 
the soft parts, carrying it a little below the projections formed 
by the unciform aud the trapezium, so as to bring out its point 
below the thumb. 3d. Carry the blade of the knife along 
the anterior surfaces of the metacarpal bones, and cut out a 
large flap of an elliptical outline. 4th. Then turn the hand 
in the prone position, and make a semicircular incision across 
its back, two-thirds of an inch below the line of the articu- 
lation, and carrying the knife through the tissues, connect- 
ing the thumb with the index finger, join the first incision. 
Whilst an assistant is drawing the integuments upwards, the 
surgeon, holding the metacarpus in his left hand, proceeds 
with the disarticulation from the front of the hand, commen- 
cing with the metacarpal bone of the index or little finger, ac- 
cording as he is operating upon the right or left hand. 

Amputation at the Wrist-Joimt. — The radio-carpal 
articulation is a condyloid joint. The articular surface at the 
lower end of the radius, taken together with the triangular- 
fibro cartilage, connecting this with the ulna, gives a shallow 
elliptical concavity whose long dUmeter is transverse. This ia 
opposed and accurately adapted to the convexity presented by 
the contiguous upper faces of the scaphoid, lunar and cunei- 
form bones of the carpus. The joint is flanked within and 
without by the styloid processes of the ulna and radius, from 
whose extremities proceed strong lateral ligaments. Anterior 
and posterior fibrous bands cover the front and back of the 
joint and complete its ligamentous connections. The articu- 
lation is still farther strengthened on these aspects by the flexor 
and extensor tendons of the hand and fingers, confined by 
their respective annular ligaments. The radial and ulnar ar- 
teries, their accompanying and the median nerve cross tne 
junction between the hand and fore-arm. The skin behind is 
loose, thin, and covered with more or less hair that in front 
thicker and less moveable. Figure 28, plate I\ . presents an 
outline of the skeleton of these parts; c and d marking the 
extremities of the joint in question The recognition of this 
joint is usually attained without difficulty by tracing down- 
ward the outline of the radius and ulna until the position ^of 
the styloid processes is distinguished. Malgaigue states that 
10 
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the joint is two and a naif lines below their level. When the 
hand is strongly flexed, the transverse ridge on the front of 
the radius may be felt on the outside of the radial flexor ten- 
don. The articular line is just below this. Strong flexion of 
the hand will also produce a rounded prominence at the back 
of the wrist. The summit of this projection is just below the 
joint. There are usually three transverse skin-creases in front 
of the wrist. According to Velpeau, the middle one overlies 
the articulation. 

The circular and flap methods are both in use for the re- 
moval of the hand. 

Flaps may be single or double. The former may be cut 
from either dorsum or palm. The single flap operation of 
Denonvillier's is performed as follows : The hand being prone 
and the skin strongely retracted towards the elbow by an as- 
sistant, the thumb and index finger of the surgeon are placed 
as guides on the styloid processes. A curved dorsal incision, 
with rhe concavity downwards, is made through the skin and 
areolar tissue, parallel with and two lines below the joint. 
Farther retraction of the skin and flexion of the hand ex- 
pose the subcutaneous structures. Another cut similar, in 
direction to the first, divides the fascia tendons and posterior 
ligaments. The lateral ligaments are incised, and the knife, 
passed into the articulation and in front of the carpus, fash- 
ions an anterior flap two inches or more in length. Care 
should be taken to avoid the pisiform bone by the direction 
given to the edge of the knife. The tendons, if too long, 
should be clipped before adjusting the parts for suture. 
Avoidance of the pisiform is easier in theory than in practice. 
It may be safely stated that a neater result can be obtained 
by cutting on both sides from without inwards, whether in 
making one or two flaps In figure 32, plate V. the palmar 
line of incision is traced. Figure 33, plate V. shows the 
position of the parts at the moment disarticulation is effected. 

Circular Method. — One assistant supports the hand ; an- 
other holds the fore-arm midway between pronation and supi- 
nation, and retracts the integument. A circular cut is made 
through the skin at the base of the thenar and hypothenar 
eminences. The skin is dissected back and turned up high 
enough to expose the joint. A second incision at this point 
incises the fascia and tendons. The joint is opened from be- 
hind, and all its connections severed. The lips of the wound 
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are brought together transversely. In these operations the 
brachial artery must be compressed. The radial and ulnar 
always, and the interrosseous sometimes require ligature. 
Figure 31, plate V. shows the knife applied to make the 
second incision. Some surgeons prefer to remove the styloid 
processes. They may be cut with bone pliers. 

Amputation of the fore-arm, says Legouest, may be 
performed at auy height. The rule is to save as much as pos- 
sible, although Larrey only favored operations above the lower 
third, as avoiding the danger of inflammation of the tendi- 
nous sheaths. Any of the standard methods may be adopted, 
but the circular is preferable in the opinion of most surgeons 
in the lower half. Baudens recommends the flap operation in 
muscular subjects, because of the difficulty of reflecting the 
skin. One or more lateral incisions, however, as already ex- 
plained, in no wise injurious to the result, will obviate this 
objection. The French statistics show these to be the most 
successful of the larger amputations. In all cases the circu- 
lation in the brachial artery should be well commanded. And, 
on account of the free anastomosis of its branches, the tour- 
niquet is found the best means of compression. 

Circular Method. — The fore-arm is placed midway between 
pronation and supination, and held by an assistant, who re- 
tracts the skin. A second assistant supports the hand. The 
surgeon, armed with a double-edged, sharp-pointed knife, 
makes a circular cut through the skin and areolar tissue down 
to the deep fascia, two or three fingers' breadth below the 
point at which it is desired to saw the bone. The integu- 
ment is detached from the fascia and turned up. A second 
circular cut is made to sever the muscles with a sawing mo- 
tion, close to the margin of the reflected integument. The 
interosseous structures are cleanly divided on the same level, 
by transfixing the space obliquely on opposite sides of the 
limb ; and the periosteum is incised as high as the retraction 
of the muscles, assisted by a three-tailed retractor, passed be- 
tween the bones, will permit. The saw is applied to both 
bones at once, completes Jjrst the section of the radius The 
radial, ulnar and interosseous arteries are tied, and the lips oi 
the wound so applied as to give a transverse cicatrix. In 
figure 34, plate V. the knife is seen as applied for the second 

The double flap operation is thus described by Mr. Joseph 
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Lister : " In front, when the muscles are in large amount, 
transfixion may be adopted. Behind, the presence of the 
two bones prevents this, except near the wrist, where it may 
be effected, provided the soft parts have their natural laxity, 
by pinching up the skin and passing the knife as close to the 
radius and ulna as possible. When, after the integument has 
fallen back to its usual position, the extremities of the wound 
will be placed so far forwards, that the knife can be intro- 
duced through them in forming the anterior flap." " The sur- 
geon standing on the (patient's) left side of the limb, [a mat- 
ter of taste,] and holding it with the dorsal surface towards 
him, enters the knife a little to the palmar side of the bone 
that is further from him, and cuts through the skin and fat, 
so as to shape a rounded dorsal flap, terminating a little to the 
palmar side of the nearer bone, where he at once pushes in 
the point of the knife, so that it may pass in front of the 
bones, aud emerge at the place where the operation was com- 
menced, and cuts out a fleshy palmar flap downwards and out- 
wards. He then dissects up the dorsal flap ; and the soft 
parts being drawn back by an assistant, clears both bones 
thoroughly about three-quarters of an inch higher up, and 
applies the saw. If the median or ulnar nerve is exposed in 
the palmar flap, it should be shortened with the scissors to 
prevent the occurrence of painful symptoms as the stump 
heals." 

Disarticulation at the Elbow-Joint. — This operation 
can be performed expeditiously only by those who are familiar 
with the configuration of the articular surfaces and the posi- 
tion of the ligamentous and tendinous connections. The joint 
is a ginglymus, into whose formation the humerus and both 
bones of the fore-arm enter. Figures 36, 37, plate VI. a, c, d. 
The lower end of the humerus presents within, an articular 
trochlea, surmounted in front and behind, by the ooronoid and 
olecranon cavities, for the reception of the ulnar processes of 
the same name, whose larger sigmoid depression is adapted to 
the trochlea ; without, a rounded head, which corresponds to 
a cup-like depression at the upper end of the radius. A 
groove separates the two. The antero-posterior curves of 
these surtaces are all segments of circles, varying in diame- 
ter. Marked non-articular prominences, easily distinguished 
through the skin, flank the parts just described. These pro- 
jections, distinguished as the internal and external condyles! 
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of the humerus, give attachment to the upper extremities of 
the strong lateral ligaments of the joint, whose lower ends are 
respectively connected with the inner margins of the coronoid 
and olecranon processes, and with the annular ligament The 
latter is a fibrous band, thrown around the head of the radius 
to bind it to the lesser sigmoid cavity. Anterior and posterior 
ligaments also fasten the bones of the fore-arm to the humerus. 
The brachiaiis muscle is applied to the front of the joint, 
which is crossed by the tendon of the biceps and in part by 
the muscles, taking origin at the inner condyle. The brachial 
artery and median nerve descend on the same side, the radial 
nerve trunk lying without. The posterior aspect is in part 
covered by the anconeus and the extensor muscles of the 
fingers coming from the outer condyle The ulnar nerve 
trvlnk crosses within the olecranon, which process forms a 
prominent subaponeurotic projection, rising half an inch 
above the interarticular line during extension of the fore-arm, 
and giving attachment to the triceps muscle, is to be distin- 
guished through the integument, no matter how great the 
swelling. The recognition of the articular interline is gener- 
ally derived from reference to the condyles: Its outer end is 
three and its inner six lines below the corresponding projec- 
tion. As the condyles form the extremities of a horizontal 
line, the general transverse direction of the joint is oblique 
from without and above, downwards and inwards. Figure 36, 
plate VI. gives a front view of the elbow joint, in which a 
marks the humerus, c the radius, d the ulna, b the radial tu- 
berosity of the humerus, / the trochlea, ^ the articular in- 
terline. . - . , ., , 

Circular Operation.— The articulation recognized, the bra- 
chial artery commanded and the fore-arm held extended and su- 
pine, a circular cut through the integument fat and superficial, 
down to the deep fascia, is made about three fingers breadth 
below the joint. (Leg aends that this incision 

shall descend lower behind than in front.) This is dissected 
up and reflected on a level with the articulation. The mus- 
cles in front are divided; the lateral and anterior ligamen s 
incised- the joint entered from before; disarticulation is 
effected, and the operation completed by severing the attach- 
ments of the triceps. The brachial is the only large arterial 

tm Ma™Operation.--A good single flap may be obtained from 
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the fleshy mass before the joint. In doing this, the fore-arm 
is supine, and at first slightly flexed. The part is transfixed 
on the palmar side of the bones by a sharp pointed straight 
blade, making its entrance and exit half an inch below the 
external, and an inch below the internal condyles, cutting 
downwards and forwards, a curved flap at least three inches 
long is obtained — this is turned up. The fore-arm being now 
extended and the integument drawn towards the shoulder, a 
transverse cut behind the limb connects the points of trans- 
fixion. Disarticulation is performed, as in the circular opera- 
tion. The radial and ulnar arteries will demand ligation. 

The double flap operation of Guerin may, under some cir- 
cumstances, be found advantageous. This surgeon transfixes 
the fore-arm obliquely, entering the knife in front of the ra- 
dius, carries it across the neck of that bone on the outside, 
making exit beyond its posterior surface, cutting a fleshy flap 
from the antero-external portion of the limb. The other is 
obtained from the opposite aspect, and is shaped by incising 
from the skin towards the bone. It is stated that a good 
stump may thus be made. 

Amputation op the Arm, — Here, as elsewhere, we at- 
tempt to save as much as possible, although Larrey favors 
separation at the shoulder-joint in preference to amputation 
near the tuberosities. Even French statistics, however, show 
the former operation to be more fatal, and Guthrie is so im- 
pressed by his experience as to counsel section below the joint 
whenever possible. 

The English and Eastern surgeons select the method by 
flaps. The circular operation is the choice of the French. 
In this it is directed that the cut shall descend to a lower 
level behind than in front, when the amputation is high up. 
The front and back of the humerus are well covered by soft 
parts, which encroach on the inner margin, along its lower 
half, leaving the outer edge nearer to the integument. At 
the upper third, most of the muscles, except the deltoid, are 
inserted more or less at right angles to the long axis of the 
bone, and tend to separate from it as soon as cut. A single 
large artery traverses the whole length of this segment of the 
limb. The arm is well adapted to the circular operation — 
whose performance here presents no peculiarities, except that 
in a healthy state of the tissues, it is unnecessary to reflect 
the skin like a cuff. Slight dissection permits it to be retracted. 
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The move superficial muscular fibres are incised close to its 
margin; farther retraction permits a higher division of the 
deep muscular substance, giving the desired hollow cone. 
The bone is sawed at its apex. 

Thr flap operation may be double or single. Flaps of equal, 
or unequal dimensions, are cut from the front and back of the 
limb by transfixing on opposite sides of the humerus. The pa- 
tient being in the recumbent posture, the arm is extended at 
right angles to the body. The surgeon grasps and lifts, with his 
left hand, the soft parts, which are pierced with the catlin an 
inch, at least, below where the bone is to be sawed. Catting 
downwards obliquely until the desired length is obtained, 
from two to three inches, the knife is turned suddenly out- 
wards to finish the rounded end of the first flap. This is not 
reflected at once. The same process is repeated ou the oppo- 
nite side. To avoid an encounter between the bone and the 
knife-point, and to secure a more even margin to the second 
flap, it is found best to transfix somewhat below the original 
points in beginning its formation. The flaps are now turned 
up and well retracted by an assistant. A circular sweep of 
the knife divides all the textures between their bases down to 
and through the periosteum. The bone-section finishes the 
amputation. Great expedition is attained by transfixing to 
make a single large flap on one side, whilst the remaining 
tissues are incised circularly. 

The oval method is recommended by Guthrie in amputating 
just below the tuberosities. While the subclavian artery is 
controlled and the limb extended, an incision is begun two 
fingers' breadth below the acromion process; it descends 
obliquely in the front of the arm just beyond the attachment 
of the pectoraiis major, crosses on the inner side of the limb, 
and meets the end of, or is continued to make, another cut 
behind similar to, and starting from, or terminating at, the 
same point where the operation begun. The skin is retracted, 
the muscles divided, the bone cleared to the desired height, 
and the saw applied. The nerves should be shortened with 
the scissors beJBk-losing the wound. 

The rectanUP method of Mr. Teale has been practised 
with "ood result. In figure 44, plate XI I . Teale's rectangular 
incisions are traced. For a description of the operation, see 
" general considerations." ,,,,«, 

In figure 42, plate VI. the appearance of double flaps is in- 
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dicated. Figure 44 shows transfixion and the line of section 
for an anterior flap. 

Amputation at the Shoulder-Joint. — According to 
Legouest, the mortality is 12 per cent, greater in this opera- 
tion than in amputations of the arm in continuity. Yet the 
results are most satisfactory, for his compatriot Larrey saved 
ninety out of a hundred cases. 

The shoulder joint is an enarthrodial articulation, in which 
the large spheroidal head of the humerus is applied to the 
shallow glenoid cavity of the scapula A loose fibrous cap- 
sule, strengthened in front by the expansion of the coraco- 
humeral ligament, connects the circumference of the cavity 
with the anatomical neck of the os braehii. The tendons of 
the four rotator muscles are also blended with this capsule in 
proceeding to attach themselves to the humeral tuberosities. 
The upper tendons of the biceps, cpraco-brachialis, and tri- 
ceps, surround the articulation. The long head of the former 
lies within the capsule. These parti being all capped exter- 
nally behind and in front by the thick fleshy mass of the 
deltoid, are overhung and roofed in by the outer end of tho 
clavicle and the prominent acromion process of the- scapula. 
The latter, easily seen and felt, form excellent guides to the 
position of the joint Within the acromion, witn which it is 
connected by a ligament, and from which it is separated by a 
short space, is found the coracoid process, whose tip can be 
felt just below the collar bone. The axillary vessels and 
nerves cross the joint on its inner side. Figure 45, plate VII. 
is intended to show the skeleton of the parts described. 

Of the various methods proposed for amputation at the 
junction of the humerus and scapula, Lisfranc's and Larrey's 
yet hold the first place in the esteem of surgeons. The one 
is a double flap, the other an oval operation. Malgaigne, 
Jacob and Bourgery, Bernard and Huette, Guthrie, with 
others who have followed, differ, among themselves, as to the 
r-tcps advised by Lisfranc, and are by no means so clear in 
their account of his operation as might bedashed. It is the 
most expeditious, and may be easily perfoi^Bjfcircumstances 
favoring, in accordance with the following cBKtions : 

Lisfranc's Method. — The arm. is raised from the side, so as 
to relax ike deltoid, a long straight knife is entered below the 
clavicle, between the coracoid and acromion processes, and is 
passed around the joint, above and behind, so as to emerge 
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close in front of the posterior axillary fold. If the left limb 
is the subject of* operation, the direction of the transfixing 
knife is reversed. A large postero-external flap is rapidly cut. 
This is elevated and held up. The arm being now depressed 
and carried inwards and forwards, disarticulation is effected by 
incising the tendons about the joint and the capsular ligament. 
The head of the bone is next withdrawn from its socket, that 
the knife may pass around it and descend along the inner 
surface of its shaft. During this last step, the humerus is 
again elevated, while the hand of an assistant follows the 
hlade, to grasp the structures between it and the axilla and 
compress the artery before its division and the completion of 
the short antero-internal flap. 

This operation is rarely available in civil and, perhaps never, 
primarily, in military practice. Its satisfactory performance 
demands the continuity and leverage of the humerus. 

"On the other hand," says Mr. Joseph Lister, (Art. Am- 
putation, Holmes' System of Surgery,) "Larrey's mode of 
operating by lateral flaps of equal size, proved almost always 
applicable in his cases of gun-shot wound, while it was as se- 
cure against hemorrhage as that of Lisfranc. Thrusting the 
point of a knife, of moderate length, down to the bone imme- 
diately below the acromion process, Larrey first made a lon- 
gitudinal incision, about two inches in length, from the extrem- 
ity of which he cut in a curved line at each side of the limb 
to the fold of the axilla; then dissected up the flaps so as to 
expose the articulation completely, a finger of an assistant 
being placed on the divided circumflex artery ; and having 
aevered the connexion of the head of the humerus, passed 
the knife around it, and kept the instrument close to the inner 
side of the bone, till, turning the edge towards the surface, 
he last of all -divided the tissues intervening between the ax- 
illary folds, containing the artery, previously commanded by 
the hand of an assistant following the knife." 

I)upuytren transfixed at the base of the detoid, horizon- 
tally, beneath the acromion process, and cut a single long 
external flap. Guerin makes a flap from the same parts by 
cutting from without inwards. The circular operation may 
occasionally be practised with good result j but circumstances 
often arise for which no specific rules can be given The 
surgeon, governed by his judgment must turn to the best 
zdXnt^S the soft puts that are available for covering in the 

10* 
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necessary wound ; and, even when these are deficient, he may 
hopefully trust to the granulating process, as shown in some 
of Larrey's cases, which terminated satisfactorily, despite 
extensive loss of tissue and the removal of parts of the 
.scapula. . . 

Figure 46, plate VII. shows the primary line ot incision, 
and figure 47, the terminal step in Larrey's operation. 

In figure 48, the mode of disarticulation, and figure 49, 
the line of incision for the external flap of Gueriu. 

Figures 50, 51, plate VIII. indicate the first and last steps 
in Lisfranc's operation. C and a, figure 51, correspond to the 
points of transfixion ; b is the outline of the flap. 

Amputations of the Lower Extremity. 

The general rule, with regard to saving as much as possible, 
is, within certain limits, as applicable to the foot as to the 
hand. The observance is carried so far by some surgeons, 
that the distal and middle phalanges of the lower limb are 
cut in their continuity ; although, except in the case of the 
great toe, it was at one time thought useless even to disarticu- 
late beyond the tarsal joint. 

The conservative inclination of the operators of the present 
day is good. It is well to recoiled, that the loss of several 
toes impairs the facility of locomotion, and that the value of 
the parts increases from the fifth to the great toe. The last- 
named is the most important of the series. The head of its 
metatarsal bone, contrary to the precepts of Dupuytren, should 
always be preserved. It forms one abutment of the plantar 
arch. When the amputation of three or four of the larger 
toes is imperative, Legouest (Chimr/fie d'Armee) recommends 
the removal of the whole range, as affording a more convenient 
• organ. 

In all amputations of the inferior extremity, unless other- • 
wise stated, the patient is supposed to be placed in the dor- 
sally recumbent posture. In operations in front of the ankle- 
joint, the parts to be sacrificed do not necessarily project 
beyond the margin of the operating table. When the separa- 
tion of the foot or its segments is in question, the circulation 
may be- controlled by pressure on the popliteal artery. Some 
of the British surgeons, however, pre f r go to adjust the tour- 
niquet as to act especially on the two tibial vessels. 
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The foot is constructed on the same type as the hand, with 
such modifications as adapt it more particularly to the func- 
tions of progression and support. Solidity and great increase 
of dimensions distinguish the tarsus. The several pieces of 
the metatarsus are arranged on the same transverse plane and 
are connected at hoth extremities; while the terminal segment 
appears, so to speak, atrophied, when compared with the cor- 
responding part in the upper limb. The phalanges and meta- 
tarsal bones are the same in number and in the general con- 
figuration of their shafts and articular ends. The arrangement 
of the ligaments, tendons and other soft parts is so similar as 
to render farther consideration unnecessary, unless to remark 
that the metatarsal heads are farther from the interdigital web 
than are the jnetacarpal. 

Figure 52, plate VIII. shows the skeleton of the foot and 
ankle: a, b, the bones of the leg; c, the astragalus; d, the os 
calcis ; e, the scaphoid bone; /, the cuboid ; g, A, i, the three 
cuneiform. The 'numbers indicate the several pieces of the 
metatarsus, and /.•, /.-, &c, the phalanges. 

The amputation of the phalanges, whether in the 
continuity or in the contiguity, beyond the metatarsal articu- 
lations of the first row, may be conducted on the principles 
applicable to like operations on the fingers. 

Disarticulation of a single Toe. — In this operation, 
the oval and flap methods are in use. 

' Oval Method, — This is similar to the one practised on the 
liuuers. While the toe is commanded by the thumb and 
fingers of the left hand and slightly flexed, an incision, begun 
on the dorsum behind the metatarsal joint, is carried obliquely 
forwards to one side and descends to the web, or to its level. 
It then follows the transverse depression of the skin, and 
rising on the opposite side, joins itself a short distance in 
front of the articulation. The successive division of the ten- 
dons and ligaments sets free the bone to be removed. 

Double lateral jiaj>s are objectionable on account of the 
consequent plantar cicatrix. Figures 53,- 54, plate VIII. 
sufficiently indicate the nature of the procedure requisite to 
their formation. A dorsal and plantar flap may be obtained, 
in the case of the great and little toes, by traversing the dorsal 
and plantar surfaces, each with a curved incision, convex for- 
wards, starting from the interdigital web and meeting its fel- 
low on the opposite side, just behind the metatarsal joint. A 
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somewhat similar result is obtained by dividing, with a circu- 
lar cut, the soft structure clothing the proximal phalanx on a 
line with the web— which section is met by a straight, antero- 
posterior incision along the margin of the foot, near its dor- 
sum— sufficiently prolonged to permit disarticulation, after the 
consequent flaps are detached and reflected. The last opera- 
tion presents the advantage of ensuring an abundant covering 
for the expanded head of the first metatarsal bone. 

Figure 53, plate VIII. shows the formation of lateral flaps 
in disarticulation of the great toe. The dotted line traces the 
proper length of the outer flaps. In figure 54, the last stage 
of a similar operation on the little toe is represented. 

Disjunction op all the toes demands for its perform- 
ance the .same steps as the disarticulation of the four fingers. 
The unequal length of the metatarsal bones gives a curved 
direction to the general articular interline, whose concavity 
looks backwards. The ends of this line are usually recognized 
with facility. An incision, parallel with the joints and two 
lines in front of them, descends at its extremities as low as 
the plantar surface of the phalanges. This divides skin, fascice 
and tendons. The knife passed beneath the bones, after dis- 
articulation, shapes a plantar flap, whose margin reaches al- 
most to the web. If the tissue of the sole is deficient, a dorsal 
flap is furnished by advancing the line of the first incision, 
while its ends are prolonged horizontally to the site of the 
extreme joints. The plantar flap may be also, fashioned by 
cutting from without, as practised by Guerin. The circular 
method has been applied in this region. Figure 55, plate IX. 
traces the dorsal cut. In figure 56, the sole of the foot is pre- 
sented, while the margin of the plantar flap is being shaped. 

Amputation of the Metatarsus in the Continuity. 
— Transfix horizontally the plantar structures, in front of the 
line on which it is intended to saw the bones, cutting forwards 
until the desired extent of tissue is detached, turn the edge 
of the knife down aud finish the flaps. The dorsal division 
is made from the skin towards the bone. Incise the interos- 
seous soft parts, clear the bones, apply a six-tailed retractor 
and use the saw. Figure 57, plate IX. shows the application 
of the saw and retractor. 

Single metatarsal bones may be cut in their conti- 
nuity with bone-pliers? the chain, or metacarpal saw, after the 
prolongation backwards of the dorsal or marginal incisions- 
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practised for the removal of the toes at their roots, aud the 
dissection required to clear the bones. 

Disarticulation of the Metatarsal Bones. — Frac- 
ture generally demands the section of these bones in front of 
their carpal extremities. After frost-bite, it is regarded bet- 
ter surgery to disarticulate. They may be separated isolatedly 
or collectively. 

At their bases the metatarsal bones resemble the meta- 
carpal They are tied together by dorsal, plantar and inte- 
rosseous ligaments, and form an irregular line of junction with 
the anterior pieces of the tarsus, whose general articular curve 
is interrupted by the forward projection of the two extreme 
cuneiform bones. There results therefrom a deep recess for 
the reception of the second metatarsal bone. The inner cunei- 
form advanciug thrice as far as the outer, proportionately over- 
laps the second metatarsal segment, with which it is connected 
hj^etroug, interosseous ligament. The external cuneiform 
araBfends interosseous fibres to the second, as well as to the 
third metatarsal bone. Dorsal, plantar and lateral ligaments 
cover in the whole circumference of this compound joint. 
The individual articular surfaces are so nearly plain as to re- 
quire no special description ; and the general arrangement of 
the enveloping soft textures so closely assimilates to that of 
the analogous segment of the hand, as to do away with the 
practical necessity of a more detailed notice. 

The extremities of the articular interline are thus recog- 
nized. Trace backwards with the finger the fibular margin of 
the fifth metatarsal bone — a very considerable prominence will 
be encountered belonging to the tarsal end of that bone, 
which projects a little behind the outer limit of the joint. A 
similar manoeuvre on the opposite side of the foot reveals two 
slight projections close together. The depression between 
them marks the inner end of the articulation. As the 
prominences last mentioned are not always well developed, 
and as tumefaction will mask their existence, it is well to bear 
in mind that the desired point will be found nearly five-eighths 
of an inch in front of a transverse line reaching from the 
tuberosity of the fifth metatarsal bone, which process can 
nearly always be felt; and is also one inch in advance of the 
plantar process of the scaphoides. The movements which the 
first metatarsal piece can be caused to execute, will afford fur- 
ther assistance in the search fox the joint. 
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The First Metatarsal Bone.— The carpal articular 
surface of this bone is a slight concavity, with the longdiam-, 
eter vertical, adapted to the convexity of the corresponding 
cuneiform. A line drawn through the joint across the foot 
will strike the shaft of the fifth metatarsal at its middle. The 
oval, or, more correctly, the battledore incision {incision en 
raquette) may be practised for its entire removal, as seen at 
figure 58, plate IX. After the ligaments are divided, and 
the disarticulation is complete, section of the strong tendon of 
the peroneus longus will be required to set free the bone. 

It is desirable to avoid the dorsalis-pedis artery, where it 
descends iu the first interosseus space to communicate with 
the plantar arch. Dissection close to the bone, while clearing 
it, will usually prevent this accident. 

In Lisfranc's method a single internal flap is made by trans- 
fixing from back to sole, to cover the section of the interos- 
seus structures accomplished by the same manoeuvre. ^^ 

No operation on the foot can be commended, which ( a^ps 
does) gives a plantar cicatrix. It is only properly admissible 
when the character of the injury to the sole precludes the 
adoption of other methods. 

The disarticulation of the fifth metatarsal bone 
is executed on the same principles as that of the first. The 
joint is found by reference to the prominent extremity of the 
bone to be excised, easily felt through the integument. The 
articular surfaces are flat. A line drawn through the joint 
across the foot will strike the proximal end of the first pha- 
lanx of the great toe. In this operation the tendons of the 
two shorter peroneal muscles are cut. The lines of incision 
for the oval method are given at a b, a c, figure 59, plate IX. 

The second, third and fourth metatarsal bones 
are removed, by preference, in accordance with the directions 
for the oval method of disjoining the same bones of the me- 
tacarpus. A, b, c, figure 60, plate IX. mark the dorsal cuts. 

The oval operation is said to be applicable to the simulta- 
neous disarticulation of the two outer metatarsal bones. The 
loop of the cut, embracing the roots of both toes, is shown at 
figure 61, plate IX. But Beclard has proposed an ingenious 
means for the concurrent disjunction of the first and second 
of these bones, which may be applied with equally good re- 
sult to -the removal of the fourth and fifth. Two incisions 
are begun on the dorsum of the foot, on a line with the joints 
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to be opened, separated by a distance nearly equal to the com- 
bined width of the carpal ends of the bones to be removed. 
Each of these cuts proceeds obliquely forward, so that the 
two cross about midway between the tarso-metatarsal joints 
and the roots of the toes — the one descending to the interdi- 
gital web, the other to a corresponding point ou the outside 
of the little, or the inside of the great toe, (in accordance 
with the bones to be excised.) The two join in front on the 
plantar aspect, by following the web and skin creases. The 
triangular dorsal flap, embraced by the posterior half of 
these incisions, is detached to and turned back. This step 
exposes freely the articulations. They are entered, disjunc- 
tion is accomplished, and the bones isolated. The flap is now 
laid down, and the lips of the wound beyond brought into 
apposition. The two cuts form a St. Andrew's cross on the 
back of the foot, and the consequent cicatrix is like a Y, with 
an oblique lower limb. 

The Disarticulation of the Whole Metatarsus. — 
JJs/ranc's Method. — This is an operation performed without 
much difficulty, if the operator retains a distinct remem- 
brance of the character of the articular interline of the tarso- 
metatarsal joint. See page 229. The surgeon grasps the sole 
of the foot in front, and applies the fore-finger and thumb 
as guides over the extremities of the joint, whose position is 
discovered by the means already indicated. A curved cut, 
convexity forwards, dividing all the soft tissues, is made 
across the dorsum, half an inch in advance of the articula- 
tion. Care should be taken that it starts and terminates just 
below the level of the bones. Disjunction is best begun on 
the outside, and is carried as far as the second metatarsal bone. 
The first metatarsal bone is next separated, leaving the second 
still in place. The^point of the amputating knife is thrust ob- 
liquely downwards and backwards between the inner cuneiform 
and the bone in question; keeping the point fixed, the handle 
is pushed back until the instrument is perpendicular to the toot, 
This proceedure divides the strong, interosseus ligament on the 
inside, and is repeated at the outside. Disarticulation is now 
easily effected. All the bones being dislocated, the knife is 
passed below their bases and the front of the foot is raised to 
its natural level; when a plantar flap is fashioned by cutting 
forwards almost to the web on the inside, and to a less advanced 
noint without. Some of the British surgeons direct transfixion 
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across the sole, immediately after the dislocation of the first 
and fifth metatarsal bones. The disarticulation of the fourth, 
third and second, forming a subsequent stage of the operation. 

Lisfranc's method of dividing the interosseous ligaments is 
an unnecessarily violent process, and is not unapt, even iu 
skillful hands, to separate the cuneiform bones. A stout 
scalpel is well adapted to their section. It is only requisite 
to push the blade steadily back to the desired depth. 

Mr. Hay, of Leeds, saws off the rather unsightly projec- 
tion of the inner cuneiform. Mr. Skey avoids the disarticu- 
lation of the second metatarsal, and cuts it with bone pliers 
on a level with the cuneiform surfaces. Either of the pro- 
ceedings just indicated affords a more regular bone stump, 
obviates the difficulty experienced in ossification of the liga- 
ments, and prevents the formation of a pus pocket. G-uerin 
traces a plantar flap accurately through the skin by an inci- 
sion reaching to the sesamoid bones of the great toe on the 
inside, and on the outside to the junction of the middle and 
anterior thirds of the fifth metatarsal bone. It is finished by 
transfixing and cutting forward to divide the subcutaneous 
structures. Figure 62, plate X, indicates the position and 
direction of the dorsal cut; figure 63, the division of the in- 
terosseous ligaments, according to Lisfranc. In figure 64 the 
knife is shaping the anterior margin of the plantar flap. Fig- 
ure 65 gives Gueriu's method of tracing this flap. 

Tarsal Disarticulations. — Two principal operations 
are performed on the tarsus ; one called the mcdio-tarsal am- 
putation, the other the sub-astragalian operation. After the 
first, the os calcis and astragalus, both retain their position. 
After the second, the astragalus alone remains. 

The tarsus consists of seven pieces, differing in dimensions, 
and unlike in conformation, arranged in 1;wo groups placed 
one behind the other. The posterior group embraces the two 
largest bones, the astrala<_'.u8 and the os calcis ; the former 
vesting upon and articulating with the latter. In the anterior 
group are five bones— the scaphoid, the cuboid and the three 
cuneiform The first two lie side by side, and form, with the 
bones of the posterior group, the medio-tarsal joint, the gene- 
ral direction of whose interline is transverse. Viewed more 
closely, however, and from above, this line, like the clavicle, 
presents a double curve. Its inner half traces the junction 
between the elliptical convex head of the astragalus, opposed 
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to the less extensive concavity of the scaphoides, while its 
outer half bounds the reciprocal surfaces of the os calcis and 
cuboides. The last-named surfaces are sinuous. The os calcis 
encroaches on the dorsum of the cuboid internally, and the 
cuboid on the plantar aspect of the os calcis externally. 

The cuboides is bound to the calcaneuin by four ligament: s 
two are plantar; one, dorsal ; the fourth, internal, interosseous 
and very strong. The os calcis is also attached to the sca- 
phoidcs by two fibrous bands; one above, the other below. 
The last is a dense ligament. It stretches from the inner and 
front part of the os calcis to the contiguous margin of the 
scaphoid bone. Its upper surface, serving to complete the 
coucavity intended for the reception of the astragalian head, 
is lined by a synovial membrane. A single broad, but feeble 
band connects the dorsum of the scaphoid with the astragalus. 

The medio-tarsal joint is recognized by reference to the 
plantar projections of the scaphoid and cuboid bones. These 
occupy the opposite margins of the foot, and, when swelling 
is absent, can generally be distinguished by the touch. The 
ends of the inter-articular line are found immediately in the 
rear of these prominences. 

The inner extremity of the articulation is also placed one 
inch in front of the corresponding malleolus ; the external, 
half an inch behind the tuberosity of the fifth metatarsal bone. 
Forced extension of the anterior tarsal bones will render mani- 
fest the head of the astragalus. The consecpient prominence 
will mark the middle of the joint. 

The Medio-Tarsal Amputation. — Chopart's Method, 
— Chopart practised a transverse dorsal incision, two inches 
in front of the malleoli, descending along the margins of the 
foot. The resultant flap was elevated and the articulation 
opened Two lateral cuts, starting from the ends of the first, 
aud meeting on the plantar region far enough forwards to 
secure a sufficient covering for the exposed cartilages, cir- 
cumscribed the remaining soft parts. Subsequent sections 
of the deeper structures set the bones free. (Vidal, op cit.) 

Modem Process. — As in disarticulation of the metatarsus, 
the operator's left hand grasps the sole of the foot, resting the 
thumb and index finger on the respective tuberosities of the 
scaphoid and cuboid'bones. Behind # these points, a curved 
dorsal cut, dividing the soft structures half an inch in advance 
of the joint, is made to begin and end. The articulation may 
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be attacked at either side, but is more easily entered at its 
inner aspect, care being taken to apply the knife two lines 
behind the process of the scaphoides, and to direct the edge 
of the instrument obliquely forwards and outwards. The di- 
vision of the dorsal and interosseous ligaments, combined with 
downward pressure on the bones to be removed, will cause the 
joint to open widely. Th*e blade, passed in, divides at a single 
cut the plantar bands, slips beneath the bones and shapes 
an inferior flap, almost as long as in the tarso-metatarsal ope- 
ration. 

A too great advance of the dorsal cut on the inner side, 
sometimes leads to the separation of the cuneiform bones. The 
scaphoides, thus left in position, should not be retained. Its 
preservation, by sparing the tendon of the tibialis posticus, 
would involve an increased tendency to permanent elevation 
of the heel. 

Sedillot's Method. — The site of the articulation is deter- 
mined as before. A transverse incision is carried from the 
outside of the calcaneo-cuboid joint, to the same side of the 
anterior-tibial tendon, over the back of the foot. From the 
termination of this, a curved cut passes obliquely forwards 
and downwards, to within two fingers' breadth of the distal 
end of the fifth metatarsal bone, descends on the inner margin 
and crosses the sole of the foot, ti each the point at which 
the operation was begun. The ii. ip embraced in the line of 
incision is dissected up to the joint and the operation com- 
pleted by the separation of the bones. 

The Sub-astragalean Amputation. — The two bones of 
the first row of the tarsus are placed one above the other. The 
astragalus rests upon and articulates with the front part of the 
os calcis. The articular surfaces cf the latter bone, two in 
number, are separated by an oblique groove, directed back- 
wards and inwards. Of the two facettes presented to be 
astragalus, the posterior is broad and convex ; the anterior, 
narrow and concave. Conversely fashioned facettes, of simi- 
lar outline, are found on the under surface of the astragalus, 
also parted by a groove. 

When the two bones are in situ, the opposed grooves form 
a canal, filled, in the recent state, by dense interosseous fibres, 
constituting a strong bond of union between them. A special 
external ligament belongs to this joint and a posterior is also 
described. The lateral ligament of the ankle crosses and pro- 
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tects the inside of the articulation. The tendons of the toes 
and foot surround and consolidate the parts. 

Malgaigne, Roux, Verneuil and Nekton are each reported 
to prefer a different line of incision in the performance of the 
operation in question. By each, a flap is circumscribed and 
dissected up before the joint is attacked. 

Malgaigne severs the skin and tendo-Achillis, grazing the 
upper margin of the calcaneum by a horizontal cut, which 
continues its direction on the outside, passing one-third of an 
inch below the malleolus, then turns abruptly over the back 
of the foot, an inch in front of the ankle-joint, to descend 
within and reach to the middle of the sole. At this point, it 
is met by an incision prolonged from its place of commence- 
ment across the inside of the foot, so as to outline an internal 
inferior flap, four or five inches wide at its base and two or 
three at its rounded termination. 

The incisions of Iloux, Verneuil and Nekton are all of 
more or less elliptical, or rather of battledore, outline. Each 
is begun and ended on the outside of the os calcis, near its 
upper margiu, and half way between its posterior extremity 
and the outer malleolus ; each crosses the dorsum of the foot 
in an oblique curve and descends on the tibial side of that 
organ. Iloux retraces on the sole the cut on the back, ad- 
vancing on both surfaces half an inch in front of the junction 
between the astragalus and scaphoid bones. Verneuil carries 
forward his dorsal cut to within an inch of the fifth metatarsal 
bone on one side, and over the middle of the first cuneiform 
on the other. He makes the plantar part of the incision more 
decidedly oblique. Nekton crosses the sole more transversely. 
All the incisions referred to, divide the soft structures down 
to the bone, and all have for their object the -conservation of 
a well-nourished covering for the face of the stump, well 
adapted to sustain pressure without detriment to its integrity. 

Observing Malgaigne's directions, the following steps suc- 
ceed the detachment and elevation of the flap. The surgeon, 
assured of the lateral limits of the medio-tarsal articulation, 
opens widely the scapho-astragalean joint, so wielding the 
knife as to incise, at the same time, the outer ligament of this 
joint and enter the anterior synovial cavity beneath the astra- 
galus. He should also cut that part of the inner ankle liga- 
ment which descends to the calcaneum and open the posterior 
articulation of the latter bone with the astragalus. Subse- 
quently, the long flexor tendons are severed. 
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The interosseous ligament, which occupies the calcaneo- 
astvagalean canal, still remains untouched. Its destruction is 
thus accomplished : The point of the knife, with the blade 
held flatwise and the edge directed backwards and outwards, 
enters and is pushed beyond the anterior joint of the os calcis 
with the astragalus. The section of a few fibres of the liga- 
ment attacked causes the others to yield and complete separa-' 
tion of the bones is soon efi'ected. The arteries tied, the flap 
is adjusted and the margins of the wound sutured. Malgaigno 
highly lauds his process, which he practised with success in 
two cases, and which has been repeated by other surgeons. 
The method of Malgaigne gives easy access to the joint, but 
Legouest (Chirurgie d'Armee) seems to prefer the incisions 
of Verneuil. 

In figure 68, plate XI, the line of Roux's incision is 
traced. 

The partial amputations of the tarsus, although rarely fatal, 
have fallen into disfavor with many surgeons, because of their 
ultimate results. 

The medio-tarsal operation is especially reprehended as of 
doubtful propriety, because of the disposition of the stump 
to dip in front and rise behind. This tilting throws the weight 
of the body more or less on its anterior extremity, producing 
pain and lameness ; and where the cicatrix is too low, causes 
ulceration and other unpleasant complications. 

As section of the tendo-Achillis, either during or after the 
operation, does not prevent the permanent elevation of the 
heel, Legouest concludes this deviation from the natural con- 
dition to be the effect of a general retraction of the fibrous 
tissues behind the tibio-tarsal joint, (Chcrurgie d'armee.) 
He seems to forget that the post-tibial and long peroneal ten- 
dons, folded over the end of the bony stump in bringing up 
the plantar flap, very probably gain, from their new attach- 
ments, a considerable leverage, which may be manifest after 
division of the tendo-Achillis. The degree of power with 
which the foot is extended after complete ablation of the 
os calcis, affords some foundation for this belief. The writer, 
with all proper modesty, suggests the clipping of the tendons of 
the tibialis and peroneus, in addition to division of the tendo- 
Achillis, as a possible means of preventing the deformity and 
consequent interference to easy progression referred to. 

The necessarily tedious character of the sub-astragalcan 
operation, does not recommend it for field-practice. 
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Pirogoff 's resection is performed with greater facility, gives 
as long a stump, and so far as at present known, is quite as 
successful. 

Amputation at the Ankle-Joint. — The astragalus 
tibia and fibula enter into the formation of this joint. The 
lower surface of the tibia rests upon the astragalus, and the 
two malleoli embrace its sides. 

Three strong fibrous fasciculi descend from the outer mal- 
leolus. The anterior and posterior attach the astragalus, the 
middle one connects the os calcis with the fibula. The three 
taken together constitute the external lateral ligament. The 
internal, broader below than above, is called the deltoid liga- 
ment, and ties the inner malleolus to both bones of the poste- 
rior-tarsal group. 

A feeble fibrous band closes the front of the joint, which 
is crossed by the tendons of the tibialis anticus, peroneus ter- 
tius, and long extensors of the toes, as well as by the anterior 
tibial vessels and nerve. 

The tendons of the two longer peroneal muscles, of the 
tibialis posticus and long flexor of the toes, descend laterally : 
the former behind the outer, the latter in the rear of the inner 
malleolus. The proper flexor of the big toe grooves behind, 
both tibia and astragalus. The post-tibial and peroneal arte- 
ries are placed at opposite sides in the rear. 

The principal methods of amputating at the tibio-tarsal 
articulation, are two in number. Each is a candidate for the 
favor of the profession. Each has its advocates. One is a 
Russian, the other a Scotch invention. They bear the names 
of the surgeons who have suggested and practised them. One 
is called Syme's, and the other Pirogoff 's operation. As will 
be learned from their description, neither is necessarily a 
tibio-tarsal disarticulation. The operation of Mr. Syme is 
one of such theoretical excellence, and gives, when successful, 
■so useful a stump, that we prefer to transcribe bodily the ac- 
count of its different steps furnished by Joseph Lister, Pro- 
fessor of Surgery in the University of Glasgow. (Holmes' 
System of Surgery.) 

Same's Ankle Operation.— "In the amputation of the an- 
kle, devised by Mr. Syme, the bones of the leg are divided 
just above the malleoli ; a covering for the osseous surface 
bein<r provided from the integuments of the heel, fitted by 
the character of its epidermic investment and subcutaneous 
cushion, far bearing the weight of the body. 



238 AMPUTATIONS IN GENERAL. 

" Hence, the end of the stump becomes as capable of sus- 
taining pressure as the natural sole ; and when the deficient 
spring of the arch of the foot is compensated by some elastic 
material contained in a very simple boot, the limb proves 
nearly as useful as in the normal condition. At the same time, 
the parts likely to originate carious disease are completely got 
rid of, so that this operation is calculated to supersede en- 
tirely that of Chopart, beside taking the place of amputation 
of the leg in the majority of cases formerly supposed to de- 
mand it. 

" The operation should be performed as follows : Provision 
being made against hemorrhage from the anterior and poste- 
rior tibial arteries, by pressure of the thumb and finger of an 
assistant, placed respectively on the middle of the fore part 
of the limb and behind the tibia, about two inches above the 
joint; or by a tourniquet applied over two rollers, occupying 
these situations, and the foot being held at right angles to the 
leg, the surgeon puts his left hand behind the heel, with the 
finger and thumb on the places where the incisions are to 
commence and terminate ; these being the tip of the external 
malleolus, and the point exactly opposite on the inner side, 
i. e^not at the tip of the internal malleolus, but considerably 
below and behind it. With a knife short and strong, both in 
blade and handle, ho now cuts down to the bone across the 
sole, from one of these points to the other, in a plane not 
quite vertical, but sloping slightly toward the heel, especially 
when that part is unusually prominent; and then, extending 
the foot, joins the horns of this incision by another, running 
as straight as possible across the front of the ankle." 

He next dissects up the posterior flap from the os calcis, 
keeping the edge of the knife close to the bone, with the 
guidance of the left thumb nail, till the point of the calca- 
neum is fairly turned, when he proceeds to open the joint in 
front, divides each lateral ligament with the knife applied be- 
tween the malleolus and the astragalus, and completes the re- 
moval of the foot by severing the tendo-Achillis. He then 
prepares the bones of the leg for the application of the saw, 
taking care, when cutting behind the tibia, to keep close to 
its surface, from which the posterior tibial artery is separated 
only by a little loose cellular tissue ; and lastly, he takes off 
the malleoli, with a thin slice of the intervening part. of the 
tibia, sawing perpendicularly to the axis of the limb." 
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^ " It is a common mistake to make the inner end of the in- 
cision at the internal malleolus, instead of opposite to the ex- 
tremity of the outer one. This has two bad effects : it ren- 
ders the flap unsymmetrical, and what is far worse, it makes 
it unnecessarily long, and thus introduces an element of diffi- 
culty and risk into an easy and safe operation. For when 
the incision is carried forwards to the hollow of the foot, it 
becomes a most troublesome task to turn back the integument 
over the prominence of the heel, and the knife being thrust, 
the operator knows not where, the subcutaneous tissue, on 
which the skin depends for its nourishment, is punctured and 
scored ; and perhaps the point of the instrument appears occa- 
sionally through the skin itself, while the flap is subjected to 
violent wrenching in the effort to draw it back over the bony 
projection. Under such a combination of unfavorable circum- 
stances, it is but natural that it should slough. 

" On the other hand, when the flap has been made as above 
recommended, it applies itself with perfect uniformity to the 
surface it is designed to cover, and has no disposition to shift 
to one side in the after progress of the case ; and every stroke 
of the knife by which it is raised being made under the eye 
of the surgeon, without any forcible traction, it is as little 
liable to slough as any other portion of integument, with an 
equally broad base and equally rich vascular supply. Even 
the integrity of the posterior tibial artery, though desirable, 
is by no means essential, provided the rest of the subcuta- 
neous tissue has been left uninjured. Many persons, in dis- 
cussing the merits of this operation, seem to assume as an 
axiom, that the sloughing of the flap must occasionally take 
place; but I am persuaded, from very extensive experience, 
especially in Mr. Syme's practice, that if the skin of the heel 
be sound, such an occurrence will always be the fault of the 
operator # 

" Traumatic cases, in which the integumeuts are thinner than 
in chronic disease, are considered the most unfavorable ; but 
though I have had occasion to perform the operation in seve- 
ral cases of this kind, 1 have never met with the slightest 
sloughing. The last instance was that of a young man, who, 
lyin<* in a state of intoxication with his feet upon a rail, had 
the fore parts of both crushed by a train, and I amputated 
both at the ankle. The last intelligence that I have received 
of him is, that he was able not only to walk, but to run, and 
even to donee the Highland fling;." 
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Quain, Handyside, McKenzie, Teale, Roux, Baudeus, Se- 
dillot has each proposed his own method of limiting the in- 
tegument in the amputation of the foot. Quain's first inci- 
sion resembles that of Syme, but is met by a horizontal cut 
over the outside of the os calcis, reaching to the tip of the 
heel. Handyside makes two lateral flaps which join in front 
of the tibio-tarsal articulation, and on the back of the calca- 
neus. Teal divides the plantar structures transversely, three 
quarters of an inch in advance of the malleoli, and bi-sects 
the parts in the rear of this section as far back as the tendo- 
Achillis. Roux limits the tissues to be retained by two inci- 
sions, beginning one inch and a half behind the outer malleo- 
lus, and terminating three lines in front of the inner malleo- 
lus. One crosses the dorsum just before the ankle-joint, the 
other descends to the sole and slopes obliquely backwards. 

McKenzie also practises two cuts. The first courses be- 
neath the malleolus externus, stretching from the tendo-Achillis 
to the inner side of the tibialis anticus, two inches in advance 
of the malleolus internus. # At these points, it joins the se- 
cond, which outlines, a large rounded flap on the sole, of suffi- 
cient extent to afford an abundant covering for the stump. 
Sedillot fashions a quadrilateral flap from the inner and plan- 
tar regions, while the outer and anterior structures are divided 
just below the joint. 

The condition of the integument makes it occasionally 
necessary to adopt one or the other variety of incision just 
mentioned, or demands of the ingenuity of the operator an 
extemporaneous method for the adaptation of the uninjured 
parts to the ends in view. The incisions which will not ex- 
pose the line of cicatrix to pressure, and which give a covering 
of the plantar integument for the face of the stump, arc to be 
preferred. 

Figures 09, 70, plate XT. are opposite aspects of the same 
foot, the dotted lines ftacing in each the incisions of Syme. 
In figure 71, plate XL the operation is seen at an advanced 
stage. The heel flap is turned up and disarticulation has be- 
gun. Figure 72, plate XII. indicates the position of the foot 
and the inner cut adopted by McKenzie; figure 73, the outer 
cut of the same surgeon; figure 74 is the inside view of a foot 
removed in accordance with Roux's method ; figure 75 shows 
the stump after the ankle-joint operation. 

Pirogoff's method is thus translated from the description 
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given by its inventor in the Medical Time* and Gcmtte I 
commence my incision close in front of the outer malleolus, 
carry it vertically downwards to the sole of the foot, then 
transversely across the sole, and obliquely upwards to the 
inner malleolus. Thus, all the soft parts are divided at once 
quite dowu to the os calcis. I now connect the outer and 
inner extremity of the first incision by a second semilunar in- 
cision, the convexity of which looks forwards, carried a few 
lines anterior to the tibio-tarsal articulation. I cut through. 
all t\iQ soft parts at once down to the bones, and then proceed 
to open the joint from the front, cutting through the lateral 
ligaments, and thus exarticulate the head of the astragalus. 
I now place a small, narrow amputation saw obliquely upon 
the os calcis, behind the astragalus, exactly upon the susten- 
taculum tali, and saw through the os calcis, so that the saw 
passes into the first incision through the soft parts. Saw 
carefully, or the anterior surface of the tendo-Achiilis, (pos- 
terior tibial artery, ) which is only covered by a layer of fat 
and a thin fibrous sheath, might be injured. T separate the 
short anterior flap from the two malleoli, and saw through 
them at the same time close to their base. I turn this flap 
forwards, and bring the cut surface of the os calcis in appo- 
sition with the articular end of the tibia. 

Croft, of the .Dreadnought hospital, (London Lancet,} 
adopts t\\e following modifications of Pirogoff: The tissues 
are first divided across the front of the joint, carrying th« 
ends of the requisite curved incision to opposite points behind 
both malleoli. The second cut, connecting the extremeties of 
the first, advances toward the toes before traversing the sole, 
and is, therefore, oblique, forwards during its descent to the 
plantar surface. After disarticulation, the soft parts are suf- 
ficiently detached from the os calcis to permit its section in 
the direction of a line connecting the posterior margin of irs 
larger facet with the under edge of the articular surface for 
the cuboid. 

It has also been proposed to saw off the back part of the 
ealeaneum immediately after making the cut across the sole. 
bVure 75, plate XII. is an external view of the os calcis, the 
dotted lines indicating the different sections that have been 
practiced ; />, J\ is that proposed by Pirogoff; a, c, is Croft's 
line. Figure 77 shows the clearing of the bones previous to 
the application of the saw, according to Pirogoff. 
11 
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It will be observed by tbe reader that Syme always saws 
the tibia, llandyside imitates him, and Pirogoft' recommends 
the section of this bone in some cases, although he is usually 
satisfied to remove the malleoli. The difference is only three 
or four lines in the length of the resulting stump. A very 
natural question hence arises as to the necessity for disarticu- 
lating in the performance of either operation. The interro- 
gation is especially pertiuent when the removal of a slice of 
the tibia is demanded by the condition of its articular sur- 
face. Why subject the patient to the tedium of two opera- 
tive procedures, when one will suffice ? Disjunction at the 
ankle has already been proved not a pre-reijuisite to the sec- 
tion of the calcaneum. It is, indeed, even of doubtful con- 
venience to the operator. The saw can be more easily steadied, 
ana the bone to be cut more firmly supported previous to than 
after the separation of the foot from the leg. Why not, there- 
fore, in all cases of Syme's operation, shorten the bones with- 
out entering the an kin joint ? Will it Lot also be better to 
modify the process of Pirogoff, by always sawing both tibia 
and calcaneum, without disturbing the articulation ? 

In estimating the relative value of the operations of Syme 
and Pirogoff, it is well to refer to Mr. Lister's views, given 
above, (see page 238,) in relation to the sloughing of the 
heel flap, after the amputation of Syme. If this can be 
avoided by proper care in its dissection, Pirogoff 's method 
will still recommend itself to the field surgeon as a more ex- 
peditious procedure. The comparative length of stump fur- 
nished by the latter is not, however, so advantageous as might 
be supposed. Some mechanical aid will be demanded in either 
case to bring the limbs to the same level. The piece of the 
os calcis, retained by the Russian surgeon, is said t6 encroach 
inconveniently on the space to be occupied by an artificial, 
foot; besides which, the bone in question, in virtue of its 
structure and exposed position, is very subject to carious de- 
generation and other disturbances of nutrition exacting its 
entire removal. Lastly, while the stump of Mr. Syme is 
covered with integument, adapted by nature to sustain the 
weight of the body, that of Prof. Pirogoff presents tissues 
unaccustomed to constant pressure. 

The very oblique line of-scction for the os calcis, adopted 
by Croft and others, tends to throw the line of support behind 
the axis of the tibia ; and, by so much, to assist the power of 
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the extensor muscles connected with the tendo-Achillis, in 
Straining the new structures which bind the fragment Of the 
ealcaneum to the bones of the leg. The experience of the 
profession, with regard to the relative merit of these opera- 
tions, is not sufficiently extended to warrant an appeal to 
statistics. 

Amputation of the lf.g in the continuity may be per- 
formed at any point between the tubercle of the tibia and the 
ankle-joint. The French place "the point of election" at 
from two to four fiugers' breadth below the tubercle of the 
tibia. The English surgeons, in the Eastern campaign, are 
said to have paid but little attention to this point, usually 
Operating as low as the nature of the injury would permit. 
The proclivity of the latter toward conservatism, seems to have 
been followed by no bad result as to mortality. They lost 
only thirty-three per cent, of their cases, while the French 
pier centage amounted to fifty-four. 

Along its upper half the muscular structures of the leg are 
greatly accumulated behind. In front the soft tissues project 
but little beyond the bones. The two peronei give a slender 
covering to the fibula without, while the tibia is sub-aponeu- 
ristic from knee to ankle. Tendons form a large part of the 
subcutaneous mass on the lower third of the. limb. 

The anterior and posterior tibial arteries always, and the 
peroneal usually, are cut in amputation at or below the point 
ef election. AVhen the bones are sawed as high as the tuber- 
cle of tfee tibia, the popliteal may be the only vascular trunk 
requiring ligature. The tourniquet may be applied over the 
popliteal just above the knee, or if this be found inconve- 
nient, to the femoral artery. The patient is placed on a table 
of sufficient height, with the part to be removed well pro- 
jected beyond its edge, and supported by an assistant, I he 
circular, double and single flap, and oval method of amputa- 
tion, has each been practised on the leg. _ ... 

Supra Malleolar Amputation.— This expression is in- 
tended to include all operations on the lower half of the limb 
The circular method has to be modified in this region. Ihe 
skin divided by a circular cut, is with difficulty reversed 
Lenoir, therefore, counsels a vertical incision along the crest 
of the tibia, reaching the level of the intended bone section 
The integument is then dissected up oblique y and ^reflect d 
in the form of an open collar. (Figure f8, plate XII.) The 
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musculotendinous parts are severed down to the bones on a 
line with the reflected collar, and drawn up. The interosse- 
ous mass is transversely divided, a retractor introduced, and 
the bones sawed on the same level. (Section of the fibula in 
this, and all other amputations of the leg, is completed first.) 
Th» edges of the vertical cut are sewed, and the integument 
is then adjusted as after the usual circular operation. 

Flaps. — (iuerin transfixes close behind the bones and cuts 
a flap of four fingers' length. An anterior curved incision 
terminates, on either side, at its base. The flap is dissected 
and reversed. The other steps are as for the circular method. 

Mr. Teale has applied his rectangular flap method (see 
page 223) to the lower part of the leg. Double semi-ellipti- 
cal flaps are sometimes made by transfixing behind, and cut- 
ting from the skin in front. Figure 78, plate XII. shows 
Lenoir's operation. The skin collar is laid open, and the mus- 
cular division begun. Figure 79 traces Guerin's incisions. 
Figure 80, the usual double flap method, and Figure 81, Mr. 
Teale's rectangles. 

Amputation at the "Point of Election" — Circular 
Method. — 1st. The skin, superficial fascia and fat are divided 
three or four inches below where the bones are to be sawed. 
The circular incision begins and ends on the crest of the 
tibia, and is made without removing the knife. The integu- 
ment is dissected one and a half to two inches, and then re- 
flected. 2d. The muscles are cut circularly down to the 
bones at the margin of the skin cuff, with a sawing motion 
of the knife. 3d. The interosseous structures are divided 
transversely. A three-tailed retractor is applied, the soft 
parts drawn up, and the periosteum incised around each bone. 
4th. The saw is applied to the tibia, which it first grooves be- 
fore the fibula is attacked. The section of the latter, as be- 
fore mentioned, is first completed. 5th. The arteries are 
tied, and the lips of the wound brought together. 

The following directions are given for the severance of the 
interosseous mass and the clearing of the bones, (although, to 
say the truth, the writer can scarcely conceive that the neces- 
sary steps would not suggest themselves to the mind of any 
operator :) The heel of the knife is applied to the outer sur- 
face of the fibula, and the instrument is drawn across the 
front of both bones. The interosseous space is next pierced 
from before backwards, with the blade held transversely to 
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the long axis of the limb. The opposite edges of the catlin 
are inade to act alternately on the opposed surfaces and mar- 
gins of either bone. The knife being withdrawn, is now ap- 
plied to the inner aspect of the tibia, and drawn across the 
hack of both bones. The interosseous space is transfixed 
from behind, and there is a reversed repetition of the steps 
already indicated. This is the method of Guerin, figure 83, 
plate III. The dotted lines, a, b, c, &C, and Nos. i, 2, are 
intended to mark the different positions assumed by the catlin. 

When the bones are sawn transversely, the angle formed 
by the crest of the tibia, with its cut surface, is very sharp. 

This prominence is unsightly, and, what is worse, disposes 
the integument covering it to ulceration. Therefore, some 
surgeons remove the bony angle after the transverse section 
of the hard tissues is completed, while others precede this 
cross cut with an oblique application of the saw to the inner 
surface of the tibia. 

The Single Flap Operation. — The operator, standing on 
the right of the limb, gathers up and grasps the integument 
over its posterior aspect, so as to stretch evenly the skin in 
front. The lingers and thumb mark the points of transfixion. 
The knife is thrust transversely and horizontally from side to 
side, grazing the fibula, (which occupies a plane somewhat in 
the rear of the other bone,) or, in very muscular, subjects, 
still farther back. A flap, four or five inches long, is_ now 
cut. A slightly curved, or perfectly transverse incision, 
divides the structures on the fore part and sides of the leg, at 
the base of the flap. The latter is turned up and retracted. 
The remaining steps proceed as in the circular operation. 

The double flap operation of the English surgeons, as prac- 
tised by Luke, Guthrie and others, is similar to that described 
above, except that the integument is not stretched backwards ; 
the knife in transfixing is made to graze loth bones, and an 
anterior flap, by cutting from the surface, is shaped, equal in 
length to the fleshy one behind. 

Mr Skey transfixes horizontally three-quarters of an inch 
above the palm of the left hand, used to support the calf of 
the limb to be sacrificed ; thus spreading out and flattening 
the soft parts behind and against the bones. This manoeuvre 
iss aid to rid the posterior flap of an unwieldy bulk of mus- 
cular fibre while sufficient integument is preserved to form a 
thorough covering for the stump. The grasping of the skin, 
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as above directed, with transfixion on a plane posterior to the 
bones, effecte the same end. A similar result is obtained by 
first tracing through the skin the outline of the desired flap. 
After the retraction of the integument, the muscles arc trans- 
fixed and cut in contact with its margin. 

Amputations above the point of election are exe- 
cuted by one or other of the methods just described. In 
these Larrcy removed the fragment of the- fibula, a proceeding 
deprecated by Liston and Syme, as destroying the attachments 
of the external lateral ligament, and as sometimes opening the 
synovial cavity of the knee-joint. The bone Section should 
in no case be made above the tubercle of the tibia. 

Disarticulation at the Knee. — The statistics of both 
French and English armies in the Crimea would seem to de- 
monstrate this to be a less successful operation than section in 
the lower third of the femur; indeed, it is almost as fatal as 
amputation at the middle of the thigh. A more extended 
comparison, however, of the results of European and Ameri- 
can practice, military and civil, gives a per centage of six and 
a half in favor of the knee-joint operation. Its advocates 
claim that the liability to hurtful retraction of the soft struc- 
tures, to ulceration of the cicatrix, and to pyaemia, is not so 
great as when the femoral condyles are removed; and that, 
when successful, it gives a longer and more useful stump. 

The knee-joint, although a somewhat complex structure in 
an anatomical point of view, is, when considered with refe- 
rence to amputation, sufficiently simple. Usually, the line of 
articulation is readily recognized, the joint is easily entered, 
and the bones forming it are separated with facility. The 
femur, tibia and patella furnish the articular surfaces. The 
os lemoris presents below two condyles, adapted, by the inter- 
position of fibro cartilages, to two shallow elliptical cavities ou 
the upper end of the tibia. The femoral condyles are sepa- 
rated by a deep notch behind, but join in front to be pro- 
longed upwards, and form a trochlea, fitted to the posterior 
surface of the patella. 

The immediate bonds of union are a broad ligament, closing 
in the posterior aspect of the articulation ; an internal liga- 
ment, tying the inside condyle to the tibia; an external liga- 
ment, connecting the fibula and outer condyle; and a very 
I eontmuation of the rtfotus feroarif tendon fco the tubercle 
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tervals that would otherwise exist between the last three 
fibrous bands, are found expansions from tbe vasti muscles, 
blended with the fascia fenioris. 

Beside the circumferential fastenings just enumerated, 
there are two other ligaments within the joint, which descend 
from the opposed sides of the intercondyloid notch, and at- 
tach themselves, one in front of the other, to spaces between 
the glenoid cavities of the tibia. These are the crucial 
ligaments. 

The articulation is still farther strengthened and crossed by 
the muscles of the leg and foot. Tn*addition to the vasti and 
rectus, .whose arrangement has already been indicated, the 
sartorius, gracilis, semi-tendinous and semi-membranous mus- 
cles descend within, to seek connection with the tibia; the 
biceps cruris without, to be inserted on the fibula. 

The respective condyles of the femur give origin to the 
corresponding heads of the gastrocnemius ; and the outer one, 
also, to the plantaris and popliteus muscles. Traversing be- 
hind the joint are the popliteal vessels and nerves. 

Three bony prominences and the lower end of the patella 
form the guides of the articular interline. These are the 
tuberosities of the os femoris and the tubercle of the tibia. 
The two former project from the respective femoral condyles, 
attach the lateral ligaments, and of course occupy opposite 
lateral aspects of the limb ; the latter is on the fore part of 
the tibia. The tuberosities are said to be each half an inch 
above, and the tubercle three-quarters of an inch below the 
joint, while the lower margin of the patella exactly overlies it. 
All the standard methods of amputating have been applied 
by operators at the tibiofemoral articulation. Unless injured 
or diseased, the patella is usually retained. 

r/t" circular operation in this region implies a circular 
division of the integument four lingers' breadth below the 
joint, the skin being previously retracted, and subsequently 
reflected to its level. The joint is entered from the front by 
division of the lioamcutum patellae. The leg extended during 
the cut, though the skin is slightly flexed pending the divi- 
sion of the anterior ligament. . . 

Qoal )f d hod.—ln this an incis on from without inwards 
traverses the front and ^ides of the limb, reaching at its centre 
two inches below the feuj ^ terminating r 

njlv withiq two flagera' bm<Hh ••' thi joint, Tb 
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inent thus circumscribed is turned up, the leg bent, the ante- 
rior and lateral ligaments cut, the joint entered, the crucial 
bonds divided, and the parts behind transversely severed from 
within. This gives, in effect, an anterior flap. 

Posterior Flap. — Syrae prefers to make a posterior flap, 
and saws off the condyles. Fergusson recommends the ope- 
ration, which is thus performed : The limb being extended, a 
lunated cut, convex downwards, is made by drawing the knife 
from over one condyle across to the other, on a level with the 
middle of the patella. The short lip thus fashioned is drawn 
up, the extensor tendons'are divided above the knee-pan, the 
parts hehind the joint transfixed at the extremities of the 
first incision, and a six inch flap shaped from the fleshy part 
of the gastrocnemius. This retracted, a circular sweep of the 
knife clears the femur, just above the condyles, and permits 
the application of the saw. A similar division of the soft 
tissues lower down may be combined with disarticulation. 

The condition of the tissues may demand two flaps of equal 
or unequal dimensions. These can be easily shaped from op- 
posite sides of the part, although it is always desirable, if 
pressure is to be borne by the face of the stump, to have the 
line of cicatrix at its margin. A single long flap begets this 
result. Figure 86, plate XIII. shows the oval or anterior 
flap operation at the moment the joint is entered. Figure 
87 traces the cuts in the posterior flap method. 

Amputation of the Thigh. — The os femoris, constitu- 
ting the skeleton of this segment of the lower extremity, is 
well clothed with soft parts in nearly every aspect. It is pro- 
per, however, to bear in mind, that the fibres of the muscles 
on its inner and posterior regions are very loiu/, reaching in 
tome, as in the case of the sartorius from the pelvis to the 
knee. Since the retraction of a muscle after section is just 
in proportion to the leugth of those fibres, which retain their 
attachment, we may anticipate what may alwaj^s be observed 
in practice : 1st, that the nearer amputation is to the leg, the 
greater must be the allowance made for muscular recession ; 
•2d, that as the ascent of the tissues will be most obvious in 
the regions embracing the longest fibred muscles, an evenly 
shaped stump can only be secured by an oblique section of 
the limb. The cut should incline toward the knee in travers- 
ing the more retractile structures. 

In all amputations of the thigh the tourniquet, if used to 
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control the circulation, shouM be applied as far as possible 
iVoin the seat of operation. The skin should be strongly and 
evenly retracted by a careful assistant, previous to and pend- 
ing its division ; and, in order to secure more certainly against 
protrusion of the bone, it is well to detach the deep tissues 
from the periosteum an inch or more above their point of sec- 
tion. Here, as in the arm, the easy sliding of the skin in its 
healthy state upon the subjacent parts, ordinarily obviates the 
necessity for its reflection in the performance of the circular 
operation. The French surgeons rarely turn up a skin cuff. 
The English generally reverse about two inches of integu- 
ment. The superficial and deep tissues are separately incised 
at different levels, the edge of the knife being slightly directed 
towards the proximal end of the limb, so as more effectually 
to shape the hollow cone, at whose apex the bone is to be 
sawed. Many operators divide with a single circular sweep of 
the knife, the whole muscular thickness of the limb. 

A single flap may be fashioned by transfixing on one side 
of the bone, and dividing all the tissues on the opposite semi- 
circumference of the limb by a transverse cut. If this flap 
be taken from behind, the line of cicatrix will be drawn to 
the face of the stump; because of the superior retractility of 
the flexors of the leg. On the other hand, and for the same 
reason, if shaped from the front of the limb, it will hug and 
pad the end of the bone. In amputation in the upper third, 
where the bone is tilted forward by the action of the psoas- 
iliae, a good anterior flap is regarded as especially desirable. 

Mr. OUthrie, in his surgical commentaries, manifests** de- 
cided partiality for the dtmble flap, operation, as practised by 
Mr buke lie describes it at length. The following para- 
phrase will give the substance of his directions : The patient 
is so placed that the thigh projects beyond the table, lie 
surgeon stands on the right of the limb to be removed. The 
knife to be used should be narrow, pointed, and two or three 
inch.es longer than the diameter of the limb at the seat of 
operation. The posterior flap is first to be formed by trans- 
fixing '•transversely" behind the bone, and -midway be- 
tween the upper and lower surfaces of the thigh. The ante- 
rior flap is f shioned by repeated cuts from without inwards, 
cubing evenly acfoss the front of the hmb and terminating 
at either end « near" the base of the first flap The length 
ui the anterior flap Is determined by that ot the posterior, 

11* 
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and varies accordingly " from four to six inches." The re- 
maining soft tissues are incised by a circular sweep ot the 
knife "where it is inteuded to saw the bone. I ho tlaps 
bein" retracted, the bone is divided by the saw.* 

Double skin flaps are preferred by Mr. Skey. He directs 
that they should not be redundant. After their detachment 
and reflection, the long-fibred muscles arc first severed aiid 
allowed to recede, when the remaining mass is divided by a 
firm circular sawing movement on a line with their retracted 
extremities. 

Mr. Teale's rectangular operation is said to have been prac- 
tised, with excellent results, at the lower third of the thigh. 
The specific directions for its performance will be found in 
the general considerations. (See page 202.) In figure 88, 
plate XIII. the upper dotted lines indicate the character of 
the anterior and posterior flaps. The lower Hues trace lateral 
flaps. In figure 89, A, E, G, 1>, show the posterior flap and 
cut in Mr. Luke's operatiou. G, F, his anterior incision. 

Amputation at the Hip. — The hip, like the shoulder- 
joint, is an eoarthrodial articulation. The os innominatum 
and the os femoris furnish the articular surfaces. The one 
presents a hemispherical concavity, (the acetabulum or coty- 
loid cavity,) deepeued by a circumferential fibro-cartilage ; the 
other, a spheroidal head, supported by a compressed neck, set 
at an angle of 125° to the shaft of the thigh bone. 

One bond of union, the ligamentum teres, lies in the joint, 
and attaches its extremities near the centre of the respective 
articular surfaces ; another, the capsular ligament, embraces 
the margin of the acetabulum and the neck of the femur, 

A large muscular mass clothes the inner, outer and poste- 
rior aspects of the joint. At its fore part the articulation is 
comparatively superficial. Here, in thin subjects, the femoral 
head can be distinguished by the touch during the movement 
of the limb. Six bony promiftences arc found in the neigh- 
borhood of this joint. Two are deep seated and concealed ; 
four are subcutaneous and easily recognized. The former are 
the trochanter minor and the anterior inferior spiuc of the 
ilium; the latter, the trochanter major, the anterior superior 
spine of the ilium, the spine of the pubes, and the tuberosity 



* It will be found better to transfix obliqurl,,, so that the knife 
shall enter, or emerge lower on the. inside than without. 
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of the ischium. These last, with the pubic symphysis, are 
generally regarded as points of reference in seeking the posi- 
tion of the joint. The trochanter major is not a good guide, 
because its position and relations are modified by the posture 
of the limb. "When the weight of the body is equally sup- 
ported by both extremities, and the toes are directed slightly 
outwards, the heels nearly touchiug, its most projecting point 
is two and a half inches outside of a vertical line drawn 
through the centre of the articulation, and is two inches be- 
low the level of the anterior margin of the acetabulum. 

The other points of reference are relatively immoveable, 
and furnish reliable indications. The following statements are 
made by some authorities : 

The anterior superior spine of the ilium is one and three- 
quarter inches above the upper margin of the cotyloid cavity, 
aud three-quarters of an inch to its outer side. 

A straight line, connecting the superior iliac spine aud 
ischial tuberosity, crosses the acetabulum at the junction of 
its posterior with its anterior two-thirds. 

The skiu of the pubis is from one to one and a quarter 
inches from the anterior margin of the cotyloid cavity. 

A line, coinciding with the axis of the horizontal pubic 
ramus, has one-third of the acetabulum above it. 

The following measurements, obtained from a fully dc- 
veloped male skeleton, five feet nine and a half inches in 
height, are also presented : 

The anterior superior spine of the ilium is two and a quarter 
iuches above the highest point of the cotyloid cavity, aud 
half au inch in advance of its anterior margin. The spine of 
the pubis is two inches, and the symphysis pubis three inches 
from the inmost point of the acetabulum. Both are one inch 
iu advance of the joint. 

The most dependent part of the ischial tuberosity is one 
inch and a half beneath the lower margin of the acetabulum. 

As these data are all the result of observation made upon 
the bones, some allowance must be added for- the possible 
thickness of the fascial and intcgumental coverings. 

The three gluteal muscles and all the outward rotators get 
insertion on the trochanter major. The psoas-iliac, passing 
beneath Poupart's ligament (with the crural nerve in trout of 
it) to seek attachment at the trochanter minor, covers the fore 
part of the fibrous capsule, and winds its tendon around the 
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neck of the os femoris. The femoral vessels descend verti- 
cally within the margin of this compound muscle, and ap- 
proach the femoral shaft, forming, meanwhile, with it and the 
neck of the femur, a triangle of surgical value. 

The obturator artery, escaping from the pelvis under the 
horizontal branch of the pubis, and the ischiatic, descending 
behind, between the ischial tuberosity and the greater tro- 
chanter, form with one another, with the circumflex and per- 
forating vessels, numerous and free anastomoses, which pre- 
clude the power to control the circulation, at the upper part 
of the thigh, by pressure on the femoral artery. 

Although formidable, on account of the immense wound 
inflicted, the size and number of the vessels cut, the usual 
incomplete command of the circulation of the part, the con- 
sequent unavoidable and sometimes profuse hemorrhage, the 
great attendant nervous shock, and the demonstrated fatality 
of its results, the removal of the whole lower limb at the hip 
presents the surgeon with as few difficulties as does the analo- 
gous operation on the upper extremity. Every variety of 
method has been practised in disarticulation at the coxo- 
femoral joint, each mode possessing some special advantage 
in the eye of the operator who recommends it. Here, how- 
ever, as elsewhere, it is improper to advocate, with unyielding 
tenacity, the exclusive adoption of any one process, because 
it is clearly impossible to foresee what special conditions may 
arise demanding its modificaiion or rejection. The standard 
methods are each and all applicable to amputation at this ar- 
ticulation. But when the state of the soft parts will permit, 
a single flap operation is to be preferred. 

An antero-jnternal flap is thus obtained : The pa- 
tient, on his back, is supported with his hips projecting be- 
yond the margin of the table. The thigh to be removed 
slightly flexed, and the other, with the scrotum, withdrawn 
and protected, the operator takes position on the side most con- 
venient to himself. If he prefer to stand on the outside, the 
limb is transfixed, from a line connecting the superior front 
spine of the ilium with the great trochanter, to a point one 
inch in front, and the same distance below the ischial tube- 
rosity. The knife enters nearer to the ilium than to the tro- 
chanter. But if the surgeon stand on the inside, the points 
of entrance and emergence for the knife are reversed. In 
traversing the limb, the knife should graze the lower margin 
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of the femoral neck, and enter the surgical triangle already 
indicated. As a consequence, the chief artery will not be 
cut at the base of the flap, but some distance lower down. 

After transfixion, the knife is carried downwards, with a 
rapid sawing movement, to cut its way out at hast six inches 
below. During this step, the fingers of an assistant's hand 
follow the blade, and are thrust into the wound to support the 
femoral artery, which is compressed upon them, previous to 
its section, by the thumb placed on the anterior integument. 

Both of the assistant's hands may be thus employed if 
thought necessary. So soon as completed, the flap is elevated 
and retracted, (the hands continuing to grasp the artery,) the 
head of the femur is rendered prominent, and the capsule of 
the joint stretched by abduction and outward rotation of the 
limb. The knife incises the capsule over the femoral head, 
the joint is entered, the bone dislocated, the ligamentum teres 
severed, the knife passed behind the bone, and th» postero- 
external mass divided as quickly as possible from the centre 
toward the surface. If the flap first formed be deficient in 
length, the section of the tissues of the posterior region is 
made obliquely downwards ; if full and sufficient, transversely 
outwards. 

In the first case a second flap is shaped, varying in dimen- 
sions in accordance with the length of its fellow. The arte- 
ries severed after disarticulation geuerally first engage the sur- 
geon's attention, the femoral being subsequently tied. IF, 
however, the assistant who grasps this vessel is unreliable, it 
is best to secure it as soon as possible ; perhaps, previous to 
entering the joint. 

We have the authority of Larrey and Delpecb. for tying 
the artery before commencing the operation. Some surgeons 
vary the operation just described by making a posterior trans- 
verse or circular cut at the base of the reflected flap precious 
to disarticulation. The division of the ligaments and separa- 
tion of the limb forms the last step of their process. The 
Kurdish surgeons seem to have a special fancy for two flaps. 
The necessary modification for the formation of the one be- 
hind has already been described. Lisfranc made double latc- 

Litffranc's Method— Tht patient is dorsally recumbent, 
with the ischial tuberosities projected beyond the operating 
table The limb is neither adductcd uor the reverse. The 
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knife is entered vertically between the superior iliac spine and 
greater trochanter, and passed obliquely around and behind 
the femoral head to make exit below the tuberosity of the 
ischium. The tissues over the trochanter are grasped and 
slid backwards, and the knife is carried outwards and down- 
wards to form an external flap. The structures within arc 
next grasped and elevated. The knife passed " below the head 
of the femur" across the front and inner side of its neck, 
emerges at the same point as before, and is again made to cut 
out, avoiding the trochanter minor. The flaps being elevated 
and retracted, the arteries are at oucc secured, and division 
of the ligaments, with dislocation of the femoral head, com- 
pletes the operation. In this operation the circulation iu the 
femoral artery is controlled by pressure, where it escapes from 
the pelvis. 

Mr. Guthrie, in his surgical commentaries, makes most 
judiciousjeflections on the methods of operating at the hip. 
Jle also gives an accouut of his own practice iu a successful 
case, with good suggestions as to the character of the injury, 
compelling the sacrifice of the whole lower limb. So much 
practical sagacity, and such commendable regard for the wel- 
fare of the patient are manifested, that it is thought" advisable 
to offer the substance of his remarks. 

" It may be laid down as a principle," says this apostle of 
military surgery, " in all cases of accident, whether from shot, 
shell, or railway carriages, that no mau should suffer amputa- 
tion at the hip-joint when the thigh bone is entire. It should 
never be done in cases of injury when the bone can be sawn 
through immediately below the trochanter major, and suffi- 
cient flaps ean be preserved to close the wound. An injury 
warranting this operation should extend to the neck or head 
of the bone ;" and it may even be possible to avoid it, by the 
removal of the bony frrgments. 

The usual instructions of the books are apt to be drawn 
from post-mortem experiments on subjects which have not sus- 
tained injury in the neighborhood of the articulation. Thus, 
for instance, the recommendation for the varied rotations of 
the limb, most excellent in theory, would be practically im- 
possible, because " no person should suffer this operation who 
has a knee or half a thigh, or even a third of one, to move 
by the rotatory process." Where choice of integument per- 
mits, a large antenor flap is best, but the necessary soft 
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parts are apt to be deficient in cases demanding primary 
amputation. 

Guthrie's Ooal Method. — The patient is placed on a low 
table in a horizontal position. The femoral artery is pressed 
against the pubis. The surgeon stands on the inside of the 
limb. The incision dividing the integuments is begun three 
or four inches beneath and on a line with the anterior supe- 
rior iliac spine, and is carried around the thigh obliquely in- 
wards, backwards and outwards, the same distance below the 
ischial tuberosity to a point " exactly opposite" to where it 
was begun A second cut, one-third the length of the first, 
whose extremities it connects, ascends in a gentle curve be- 
hind the great trochanter. The divided intcgumeuts are re- 
tracted and the glutei incised to the bone. The knife, now 
placed in contact with the margin of the skin, severs the 
whole mass on the inner and front part of the thigh. The 
femoral artery is ligated, the capsular ligament opened, the 
ligamcutum teres cut, and the knife passed behind the dislo- 
cated bone, completes the section of the remaining soft tis- 
sues, care being taken not to preserve too much muscle. The 
obturator, ischiatic, aud other bleeding vessels, are secured. 
The nerves arc clipped short, the wound cleaused, and its lips 
confined with "three or more soft leaden sutures." The 
dressiug must be light. 

The "imperfect control of the circulation attained by pres- 
sure upon the femoral artery at the pubes, and the necessity 
for husbanding the vital fluids in the successful infliction of 
so serious and large a wound, would seem to demand the 
utmost possible celerity in its execution as a chief feature in 
any method of operation to be practised at the hip-joiut; yet, 
it will be observed, that Mr. Guthrie's process, for which the 
advantage of special applicability to the circumstances war- 
ranting °the removal of the whole limb is claimed, is a slow 
process In this connection we must again refer to Mr. 
Joseph Lister, of Glasgow. This surgeon has caused a large 
horse-shoe tourniquet to be made, aud, with it, he finds he can 
thoroughly command the whole pelvic circulation. The in- 
strument is used to compress the lower part of the abdominal 
aorta a-ainst the vertebral column, which it is said to do with- 
out causing much pain to the patient. The idea was sug- 
gested by the account of an American amputation at the hip 
for bony tumor, exacting a slow dissection. The aorta in 
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this case was successfully compressed by the fingers of an as- 
sistant. The name of the operator docs not transpire. 

Figure 93, plate XIV. shows the catlin entered for the 
antcro-internal flap operation. The dotted line (arrow C) in- 
dicates the position first assumed by the instrument, according 
to Guerin and Malgaigne, who pierce the joint before carry- 
ing the knife through the limb. C, 13, traces the subsequent 
curve of the knife's point in its descent and before its emer- 
gence. In figure 94 the transverse cut behind the limb is 
begun. Figure 95 gives the position of Lisfranc's flaps. 
Figure 93 outlines the double flap of Mr. Fcrgusson. 



CHAPTER V. 

ON RESECTIONS. 

Malgaigne, in his work on Operative Surgery, says: "We 
comprise under this title the removal of the articular extremi- 
ties of bones, the resection of long bones in their continuity, 
and, lastly, the extirpation of certain bones without amputa- 
tion of the soft parts."* 

Excepting a slight alteration in the position of words, the 
same definition is given by Mr. Pirrie, F. R. S. E. ; professor 
of surgery in the University of Aberdeen; surgeon to the 
Eoyal Infirmary, &c, &c. 2d ed., London, 1860, 

Accepting Malgaigne's comprehensive appreciation of the 
term, we shall proceed to give a brief history of the operation 
in general, and then describe the operative procedure as ap- 
plicable to special cases ordinarily falling under care of the 
surgeon. 

The first operation of the kind ou record was performed, as 
it is reported, by Filkin, of Liverpool; who excised the knee- 
joint in 1702. After this Vigaroux and David removed the 
head of the humerus, but no publication of their operations 
was made until after the upper part of the same bone had 
been removed by White, of Manchester, 1768. Mr. Park, of 
Liverpool, was the first to propose, but the celebrated Moreau 
was the first who performed excision at the elbow-joint 

The foregoing is almost a verbatim extract from Mr. 1 irric S 

" Principles and Practice of Surgery." - t 

Resections may be performed at either one of three distinct 

periods, viz : , . , . i- . A i„ 

1 Upon the field. 2. In hospital, to which, immediately 
after action, the patient has been removed in consequence ot 
want of time, or appliances upon the fie d ; or 3 .At a no c 
remote period the result of such injuries, inflicted during 
transportation to hospital, as to direct the surgeon s care en- 

J. F. Malgaigne, l'rofesseur T A 2 r( '^ <* e '* * d j cr de la L6gion d'Honneur, 
erick BritUn, A. M.> M. D , M. R., C. 8. h. L8S1, 
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tirely to that constitutional restitution which would enable re- 
covery after resection. 

Without undertaking to decide, we simply ask, if, in moving 
armies upon such a continent as this, it be not better, in order 
to save life, to amputate immediate/// upon the field, rather 
than leave the patient the chance of having his limb preserved 
by the removal to a distant hospital? When we reflect that 
the present is a war of immense distances, over huge moun- 
tains and along rugged roads, and in which transportation of 
even the best character is attended with pain, annoyance, 
sleeplessness, hunger and thirst to the wounded soldier, should 
not such an operation as will most probably save life, rather 
than one which preserving limb for a few days, and finally 
ending in death from either pycemia, erysipelas or nervous ex- 
haustion, be performed ? 

In cases hereinafter to be reported, we will find that ampu- 
tation is best suited to transportation, and resection to abso- 
lute rest and care. 

The reasons, as justly inferred for this last remark, are 
based upon the facts that — 

1. Kescctions are of si >w performance. 

2. They should be well rested after operation. 

3. Careful attendance and watchfulness should be for a long 
time kept over them. 

4. Transportation destroys proper adjustment. 

5. Long and continued jolting creates suppuration. 

6 This, added to want of' nervous and muscular power, 
creates that state of constitution that finally, 

7. Ends in death by the causes above enumerated. 

RESECTIONS OF THE CRANIU1&. 

Under the title resections, removal of bone from the head, 
will be first considered and described. The removal of bone 
from the cranium or the trepanuing operation must of course 
be performed under the circumstances immediately calling for 
it, whether on field or elsewhere. 

Trepanning. — The circumstances necessitating trepanning 

are wounds of the cranium, attended with depression of the 

internal plato, or such diseases of bones of the cranium as 

to enlarge* growth, Infringing upon the superficies 

■ <> ■■-■v-umiw?!!'. 3$§ wttaOi of opening, not vary* 
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ing to any considerable extent, may be stated in a general 
way, to be tbe election of such place for applying tbc trephine 
as not to injure the important blood-vessels coursing within 
the cranial cavity, and to avoid entering the sinuses. In 
military surgery but little discretion can be left to the sur- 
geon — the wounds occurring at the will of the fickle course 
of balls and shells, or inflicted by the uncertain wield of 
sabres, the bayonet's puncture, or the sudden fall upon sonic 
sharp projecting body. As these causes give rise to different 
characters of wound, we may here state that the immediate 
necessity for surgical interference may not occur to all minds 
alike, and hence, while the comminuted fracture would, under 
the symptoms attending it, at once suggest an operation, the 
punctured wound on the contrary might pass by unnoticed 
until such manifestations occurred as to render the application 
of the trephine useless. The anatomical difference in struc- 
ture of the two plates of the cranium is such, that while the 
outer one may be punctured, the extent of injury corresponds 
entirely with that of the body inflicting it. The reverse, 
however, prevails in case of wound occurring to the inner or 
vitreous plate. Here stellation is the result, and hence great 
apprehension of fatal end by depressed and detached spicuko, 
though the effect is not so readily exhibited. "Wounds, there- 
fore, of this latter variety should be cautiously examined, and 
the surgeon at once proceed to remove the portions of bone 
resting upon the brain. 

Figure 1 plate I. gives an idea of distribution of the arte- 
ries and sinuses, and suggests what place is preferable for the 
application of the trephine. When possible, such precaution 
should be taken as to avoid the evil results consequent upon 
internal hemorrhage. . 

Figure 2 plate L exhibits the patient under the trephine. 
The flaps have been made and dissected up— the scalpel has 
cut close to the bone, and so much only of the pen-cranmm 
has been removed as was necessary to give purchase to the bit 
•Hid fircular saw of the instrument. 

The mprovement made by Mr. Gait, of Vicuna upon he 
old trephine, renders its employment much less daimeiou.s, 
and Events' wounding the membranes by a too rapid motion 
or incautious pressure. An author thus describes it : 
'7S of a truncated ocme, with kujj) panpher 
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teeth act as wedges, so long as counteracting pressure exists 
on the crown ; upon removal of that pressure of the cranial 
walls, its tendency is to act on the principle of a screw ; but 
owing to its conical form, and the spiral direction of its peri- 
pheral teeth, its action ceases. Tn repeated trials the mem- 
branes of the brain have not been injured." 

Such conveniences then being within the surgeon's reach, 
and no danger existing of wounding the cerebral membranes, 
the remarks of Malgaigne may he here inserted. He says, 
in his Operative Surgery, (Brittan's translation, 1851, page 
179:) "We may trepan on all the accessible points of the 
cranium. The sutures, the frontal sinuses, or the presence of 
the temporal muscle, are no longer obstacles with the modern 
practitioner. But we must avoid touching the confluence of 
these sinuses opposite the occipital protuberance, and in gene- 
ral go as far as possible from the thickest points of the cra- 
nium, from the course of the venous sinuses and the middle 
meningeal artery. 

(i Some have said that it is easy to recognize, when we have 
perforated the diploe by the redness of the groove, caused by 
the saw; and again, when we have reached the internal table, 
by the whiteness and dryness of the bone dust. This dis- 
tinction holds good on the subject, but on the living patient 
the blood continues to flow from the diploe, and prevents our 
drawing any inference. The more rapid progress of the saw 
in the diploe has also been vainly given as an indication. But, 
to judge of the distance we are from the dura mater, we have 
no other resource, than frequently measuring the depth of the 
groove with the end of a pen, and especially examining whether 
the bone is perforated in any one part of the circle before the 
other. The disc of bone having been removed, and the 
edges levelled with a lenticular knife, the operation may be 
continued according to the end proposed. If we want to raise 
bits of depressod bone, slip an elevator between the cranium 
and dura mater, without dividing that membrane. If an 
effusion exists beneath, divide it longitudinally, or crucially 
very carefully, carrying the point of the bistoury perpendicu- 
larly on it. 

"Dupuytren did not fear, in an urgent case, to pluno-e his 
bistoury even into the cerebral substance, to 'more than an 
inch in depth. 

"The mode of dressing varies. If the external wound mu.4 
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be left open on account of some effusion, carry into the sac a 
very thin band of linen, cover the wound with a bit of linen 
riddled with holes, in the same way as an ordinary wound, 
taking care not to pass this linen between the bone and dura 
mater, as some advise. Some lint over that, with compresses 
and a moderately tightened bandage, completes the dressing, 

" If there is no effusion, re-unite the flaps by first intention. 
by means of adhesive plaster/' 

In applying the trephine, the surgeon should pay strict at- 
tention to the anatomical peculiarities which exist at the dif- 
ferent regions of the skull. The author above quoted gives 
the fallowing valuable rules to guide us in the operation : 

"1. Wheu we trepan on the temporal fossi, Sabatier ad- 
vises makiug a V-shaped incision, the base upwards, in order 
to respect the fibres of the temporalis muscle. Velpeau very 
properly remarks, that by so doing we cut, just the same, all 
the fibres comprised in the base of flap. To respect these 
fibres as much as possible, we would advise making two inci- ' 
sions in the direction of the muscular fibres, and re-uniting 
them inferiourly by a transverse incision, so as to form a V 
incision, reversed and cut off at the top; on. the one hand, 
the division of these fibres, and the cicatrix that results, are 
less extensive; and on the other, the transverse incision, 
affecting more or less the deep aponeurosis on which most of 
its fibres terminate, we should divide really less muscular 
fibre. 

" 2. When we have to traverse the frontal sinus, the inter- 
nal table of the bone not being on the same plane as the ex- 
ternal, in performing the operation as usual, the dura mater 
would be torn at one point before the second table was cut 
through at the opposite. To cut the second table, then, a 
smaller crown should be used than that employed in sawing 
the first. 

"3. When we trepan on the sagittal suture, or opposite the 
venous sinusses, we run a great chance of opening them ; the 
hemorrhage generally stops of itself, or yields to a little 
plugging. 

"4. Lesion of the middle meningeal artery is more serious, 
on which account it has long been forbidden to trepan at the 
anterior angle of the parietal bone, under which the artery 
lies. If hemorrhage occurs, it may be compressed with a bit 
of lint placed inside the cranium, and retained by a thread 
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outside (Physick); or with a plate of lead bent so us to em- 
brace both surfaces of the bone; or it may be plugged with a 
bit of wax, if it is shut in a complete bony canal ; or touched 
with a steel probe, heated to whiteness (Larrcy) ; or even 
tied, in which Dorsey once succeeded." 

Operation. — The patient being placed in the recumbent or 
semi-recumbent position, the hair having been closely and 
neatly removed, an incision having a semi-circular form or that 
of a V, T, A or X is made down to the bone; this being 
well scraped, the operator seizes the handle of the trephine 
with his right hand, and fixing the perforator by its screw, 
so that it protrudes slightly beyond the teeth, he places the 
same in the centre of the disc of bone to be removed ; the 
instrument is now worked in a rotary manner, alternately back- 
wards and forwards, until the teeth have cut a groove suffi- 
ciently deep to receive them ; the perforator is then loosened 
and slid up in the shaft and fixed, to avoid wounding the 
membranes; great care should be taken to maintain the in- 
strument iu a position perpendicular to the part operated upon, 
in order to avoid its penetrating more deeply on one side than 
the other, and thus suddenly and unawares wounding the 
cerebral membranes. (See rule No. 2 of Malgaigue, previ- 
ously laid down.) It is important to examine the depth of 
the groove frequently with a quill, cut iu form of a tooth- 
pick, to ascertain how nearly the instrument has completed 
the section of bone ; the teeth of the trephine should be 
clcaucd frequently with a small brush or wet sponge, to avoid 
clogging with bone dust, which impedes easy action of the 
instrument, and might create unfortunate pressure. The disc 
of bone should be raised with the elevator, and the edges re- 
maining smoothed with the lenticular knife, usually found at 
the other end of it. 

In fractures with depression there are frequently projecting 
points of bone which it is desirable to remove; this may be 
done with the bone nippers (rongeur) or with Key's saw. 

EESECTIONS OF THE PACE. 

Resections and Removal of Superior Maxieea. 
(Plate 1., figures 8 and 4.) — Many surgeons have attempted, 
more or less, extensive resection of this boue; but the rules 
for the operation must entirely depend on the disease. 
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Anatomy. — In attentively examining the face of a skeleton, 
we see that the superior maxillary bone is attached to the 
others in but three principal points. First, by its ascending 
process and articulations with the os uKgieis and ethmoid ; 
second, by the orbital border of the malar, as far as the 
spheno-maxillary fissure ; third, by the articulation of the two 
maxillary bones and palate bone with each other. There is a 
fourth point of contact behind, with the pterygoid process 
and palate bone, which yields easily by simple- depression of 
the maxillary bone into the interior of the mouth. In de- 
taching these different points, no large vessel is injured; the 
trunk of the internal maxillary artery may be avoided, or in 
any case easily ligated after the removal of bone. Should un- 
foreseen hemorrhage o.pcur during the operation, we have a 
resource in compression of the carotid against the transverse 
process of the seventh cervical vertebra. As for the nerves, 
only one important trunk need be divided — the superior max- 
illary, which may be easily cut before the bone is removed. 

Operation. — The patient is either seated on a chair of 
moderate height, or placed in a semi-erect position upon an 
operating table — his head thrown a little backwards and lean- 
ing on the breast of an assistant. According to Gensoul's 
method, a vertical incision is first made, extending from the 
inner angle of the eye to the upper lip, which is divided on 
a level with the canine tooth. 

Another incision, dividing the first, is made from neatly the 
base of the nase aud prolonged to within half an inch ante- 
rior to the lobe of the ear; a third extends from half an inch 
outside the external angle of the eye to the point of termina- 
tion of the second. The result is a quadrilateral flap, which 
is turned back upon the forehead. % 

The bone being thus laid bare, begin with a chisel and 
mallet the section of the external orbital arch near the suture 
that unites the malar with the external orbital process of the 
frontal bone ; then cut the zygomatic process of the malar. 
Next attack its upper and internal attachments, apply a chisel 
below the internal angle of the eye, and cut through the in- 
ferior part of the os unguis and the orbital surface of the 
ethmoid. The ascending process is, in like manner, separated 
from the corresponding nasal bone; then detach, with a knife, 
all the soft parts that unite the ala of the nose to the superior 
maxilla; extract the first incisor tooth of the side operated 
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on and slip a chisel between the two bones directly from before 
backwards, but by tbe mouth, working it from side to side ; 
lastly, to separate the articulations and adhesions to the ptery- 
goid process, and, above all, to cut the superior maxillary nerve, 
pass a chisel flatly between the soft parts and floor of the orbit, 
from above downwards and from before backwards, so as to 
cut the nerve well back and at the same time to get a good 
purchase on the bone to depress it into the mouth. It only 
now remains to divide, with the curved scissors or knife, all 
the soft parts that still hold the bone, and especially the at- 
tachments of the velum palati to the palate bone, so as to leave 
the soft portion of this velum extended between the pterygoid 
process and the other side of the mouth. 

The cavity resulting from the operation is formed on the 
inside by the septum nasi ; outside, by the cellular tissue, 
which is found in so great abundance under the buccinator 
muscle ; above, by the depressor oculi and the adipose tissue 
(if the orbit; behind, you see the back of the throat; above, the 
velum palati. Leave the wound open for a half hour or un 
hour, employ sutures and adhesive strips and cold-water ap- 
plications. Union takes place very rapidly, and the restored 
symmetry soon forms a singular contrast with the hideous 
chasm immediately resulting from the operation. 

Velpeau makes but one incision, which commences at the 
labial commissure, and, being extended outwards and upwards, 
terminates at the temporal fossa of the side affected. The 
operation is reported by some surgeons to be attended with 
less subsequent deformity and equal celerity of performance. 

Another modification is suggested by M. Nelaton. This 
surgeon, whose success has been eminent and whose skill 
equals his success, a man thoroughly versed in anatomy and 
its application to removal' of structure with as much preserva- 
tion of important parts as possible to the patient, prefers the 
multiple to the simple incision of Velpeau and others. The 
simple incision begins at the labial commissure and terminate 
at the union of the malar bone with the zygomatic process or 
thereabouts, depending entirely upon whether the operator 
designs the removal of the entire malar bone or not. In this 
incision, the filaments of the facial and tri-facial nerves are cut, 
From this may result a facial neuralgia (tri-facial injury), and 
there always does result a facial paralysis (injury of facial 
nerve) to a greater or less degree, so that the side operated 
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upon always contrasts badly with the wound side. The mus- 
cles lose their tension ; there is ptosis of the inferior palpe- 
bra ; the side looks dull and dead. Besides this the duct of 
Steno incised and the cut surfaces not uniting exactly, a sali- 
vary fistula may be created. 

The multiple incision is made from the root of the nose a 
little externally to the median line towards tbe affected side. 
The flap is dissected upwards, close to the bone, (carrying 
with it one ala mist) until a further dissection is prevented 
by want of room caused by tbe superior end of the incision 
being too confined. This is remedied by letting fall another 
incision (perpendicular or oblique) proceeding from near the 
inner angle of the eye to the superior end of the first. — 
Though there results more than one cicatrix in this case, the 
deformity is not so great as in the others in consequence of 
less injury being inflicted upon the nerves. The flap having 
been dissected back to the limits desired, the subsequent steps 
are the same as in Yelpeau's operation. The operation as 
above described, was performed by M. Nekton in his amphi- 
theatre at the Climque de la Funilh' in Paris, in 1853; and 
two years afterwards it required close observation to reveal 
an ablation of the superior maxilla. In this case the incisor 
teeth were left by sawing the bone obliquely above them in a 
line extending from the interspace between the second incisor 
and the canine teeth upwards towards the septum. The 
teeth were at first loose, but afterwards became firmly fixed in 
their sockets. Neither the voice nor articulation was un- 
paired, nor was the patient at all incommoded by food getting 
into the cavity left after the operation. 

In this operation, in order to preserve as much symmetry as 
possible, it is always desirable to leave that portion of the as- 
cending process of the superior maxilla which extends up- 
wards Prom a line drawn from the inferior border of the nasal 
to tbe same border of the os unguis and terminates in union 
with the frontal bone. Hence, in giving the anatomy.ol the 
bone, this portion was omitted, inasmuch as it should be re- 
tained if possible. . 

Description of J^™.- Figure 4 represents an operation 
described by Guerin, but answers very well in describing 
Gensours method, as given by Malgaigne. Guenn's first 
incision (slightly convex) commenced at the ala of the nose, 
iTconvexity looking backwards, and terminated at the cor- 
12 
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responding commissure of the lip following the naso-labial 
fold or furrow. He then dissected up the two flaps formed 
by the incision, until the nostril, on the one hand, and the 
malar process on the other, were well exposed ; this process 
was then divided from above downwards and a little from 
within outwards, with a small saw held in the right hand. The 
soft palate was next detached from the posterior border of the 
palatine bone by a transverse incision departing from the pos- 
terior border of the last molar and terminating at the median 
line of the roof of the mouth. An iucisor tooth was then 
drawn, and the horizontal portion of the maxilla divided from 
before backwards, with Liston's forceps, the brandies being 
placed oue in the mouth, the other in the nose. A final sec- 
tion of bone is now made transversely by the forceps in a line 
corresponding with the point of insertion of its lower branch 
and the divided malar bone, (as represented in figure) the 
bone is then firmly seized and removed. 

Figure 3 is noticed out of order because it merely repre- 
sents the points at which the chain saw is introduced and its 
lines of action after the instruments described in Guerin's 
operation have been, to a greater or less degree, employed in 
Velpeau's modification, of which this figure is a represen- 
tation. 

Syme, Liston and others have their modifications also, but 
they are not described in this chapter because, for all practi- 
cal purposes, those already mentioned are deemed sufficient 
for the military surgeon, who, in many cases, must adapt his 
own election to the immediate exigencies surrounding him — 
in other words, must modify for himself. 

Bisection or Ablation of Both Superior Maxil- 
lae. — The remarks upon resection of one superior maxilla 
already made, if rightly comprehended by means of the tex f . 
and figures, will readily suggest to the surgeon a proper 
method for the removal of both. 

In Cooper's Surgical Dictionary the operations of Heyfel- 
der and Dieffenbach are described. The patient occupying 
the same posture as in the foregoing operation, Heyfelder 
made an incision from the outer angle of each eye to the 
libial commissure of each side respectively, and closely dis- 
sected up all the softer parts to the inner angles of the eyes and 
the nasal bones. The flap was then turned over the forehead 
and the orbital margin clearly exposed along its inferior rid^e. 
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By means of a chain saw introduced through the inferior or- 
bital fissure, he separated the maxillae from the malar bones. 
By a similar procedure, the maxillaa were separated from the 
nasal bones. A bone forceps was next employed to disen- 
tangle the upper maxillary from its further bony connexions, 
and the soft palate was then dissected from its union with 
bone. Pressure from above downwards then being practised, 
the two maxilhvj were entirely loosened, and a little further 
dissection completed the operation. The subsequent dress- 
ings were the same as used in a less extensive operation. 

Pieifeubach made an incision from the root of the nose 
through the centre of the upper lip; if required, other in- 
cisions extend upwards on either side of the nose to the 
angles of the eyes; two flaps are thus formed, which are 
reflected and the bones exposed. 

Resections of the Inferior Maxilla. — This bone 
may be entirely ablated or only resected in part. 

lvKSCOTION OF THE BODY OR CENTRAL PORTION. — The 

muscular attachments to this portion of the bone on either 
side of its symphysis are those of the levator meuti, depres- 
sor labii inferioris, depressor anguli oris, and platysma. myoi- 
des, all of which are osseo-cutaneous muscles. Besides these, 
we have other attachments existiug between the hyoid bone 
and inferior maxillary, viz : those of the genio-hyoglossus 
and the genio-hyoideus on either side. In performing the 
above operation these attachments must, necessarily, be sev- 
ered, but the deformity which inexperience might cause to 
be inferred is practically very slight; in fact, all of these ope- 
rations, whether for partial or total removal of the lower 
jaw-bone, are attended with great rapidity of reunion and 
restoration of symmetry. 

Operation .—Figure 5, plate T, represents the method adopted 
by Dupuytren, and is thus described by Bernard and Iluette : 
The patient is placed in a chair sufficiently elevated to prevent 
his feet from touching the floor and getting a purchase there- 
on.* An assistant placed at the back holds the patients 
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Lead closely and firmly against the breast, and at the same 
time makes pressure upon each facial artery at the point where 
it crosses the lower maxilla. The operator, standing in front, 
seizes one of the angles of the lower lip with his left hand and 
an assistant draws the other angle from the bone, thus putting 
the whole lip on the stretch. A vertical incision is at once 
made which divides all the soft tissues down to the bone, in a 
line corresponding with its symphysis, and is then extended as 
far as the hyoid bone. The two flaps, a b, are next dissected 
back and the knife kept as close as possible to the bone c. 
This last having been sufficiently exposed and the points at 
which it is to be sawn through decided upon, an incision is 
made through the periosteum and a tooth corresponding with 
each of these points is extracted. When dividing the bone 
Dupuytren stood behind the patient and used a small Hey's 
saw, as represented in the figure. Should the chain-saw be 
preferred the. surgeon's position will be in front of the patient. 
The bone being divided on both sides an assistant pushes back 
the tongue with a spatula, to protect it from the knife, and 
the operator holding the detached piece with his left hand, 
introduces a probe-pointed bistoury, held perpendicularly, and, 
keeping as closely as possible to bone-surface, divides all the 
tissues attached to its concavity. After this division the 
tongue will sometimes fall backwards and suffocation be 
threatened. This, however, is easily remedied by holding the 
head forwards, which position throws the tongue in the same 
direction and prevents its backward tendency. 

If, in consequence of the extent of disease, the first incision 
does not suffice, make another along the base of the bone join- 
ing the first at right angles. When only a small portion of 
bone is removed, the saw may be used perpendicularly ; but 
when resection of a large piece is demanded, in order to brino- 
the fragments better together, it would be well for the section 
to be more or less oblique, according to the thickness of the 
bone structure. In this case begin to trace the groove for the 
saw by four or five perpendicular strokes, and afterwards in- 
cline it so as to have the required obliquity • in all cases a 
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firm support may be obtained by applying the inferior against 
the superior maxilla, at least in the beginning of the section. 
Modifications. — If the portion requiring exsection be so 
Urge as to demand removal with it of integument, Dupuytren 
recommends two incisions to be made — one on each side of 
the raphe of the lip — and meet at an acute angle formed at 
the upper border of the hyoid bone, in the shape of the letter 
V, so that the cut surfaces when approximated for sutures may 
form a line corresponding with the mediau. 

This is termed the ordinary operation to be performed in 
such cases as the foregoing, and Gcnsoul objects to it be- 
cause the cicatrix is in the median line. He remarks that 
when the bones no longer support the^skin of the chin, there 
results a line of modular fibrous tissue extending from the 
lip to the hyoid bone, whose tendency is always to retract, to 
draw the lip downwards and flatten the new-formed chin. 
Hence, (Jensoul makes his first incision — as is ordinarily 
done — median ; having completed his resection, if he finds 
that too much integument is left, he removes as much of it 
as he deems proper, but from one side only of his mesian in- 
cision, so that the resulting cicatrix inclines laterally and 
leaves the chin free from the evil results attending, in his 
opinion, the ordinary operation. The cicatricial line may 
then be said to lie between the second point of section of one 
half of the lip and the terminal end of the first, viz : os 
hyoides, and the operation be termed the half-V or V -opera- 
tion. Malgaigne, not objecting to Gensoul's method, asks if 
it may not be proper, in such cases, always to make the first 
incision lateral, so that the benefit of such a lino of uuion as 
above described, may be secured to the patient whether sub- 
sequent removal of integument becomes necessary or not ? 

The removal of the bone having been completed, the me- 
tallic or silk suture may be used — always the latter, should 
(he hare lip suture be preferred. _ 

Whether the fragments should be brought in contact or 
not, must depend upon the amount of bone removed. If the 
sur-eon, having removed but a moderate portion on each side 
of The symphysis .hems it best to approxunate the sawn sur- 
faces he can do so by either employing a metallic thread 
through the bony fragments themselves, or, by using the 
same "around the teeth corresponding on each side. Mal- 
gaigne says that, in general, neither is necessary. 
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In order to create as little deformity as possible, and leave 
the dental surfaces of the fragments in their natural relations 
with those of the superior maxilla, it behooves the surgeon to 
pay the strictest attention to their proper adjustment. Tin's 
is best done by using a non-corrosive metallic plate, or one 
made of vulcanized India-rubber, and adjusting it in such 
manner to the corresponding teeth of either side so that the 
interspace caused by removal of bone may be exactly pre- 
served, while adventitious tissue is forming and filling it up. 
This latter having arrived at a sufficient degree of maturity, 
substitutes the artificial means employed and which may now 
be removed. 

As a substitute for all the foregoing operations, in which 
the subsequent cicatrix»and its results seem to be the points 
of difference among authors, it has been proposed to make 
but one incision along the inferior border of the bone corres- 
ponding with the extent of injury, and dissect the two flaps, 
(one lip, the other back), until sufficient room for the chain 
saw is procured. The remaining portion of the procedure is 
then accomplished as heretofore described. This leaves a 
concealed horizontal cicatrix, and adds much to the symmetry 
of the lip and chin. By many surgeons of high note it is 
deemed the best mode of operating, and we concur in their 
belief. 

The preceding rules given for removal of the body of the 
inferior maxilla, or only the central pertion of it, are consid- 
ered sufficiently explicit as to do away with a detailed account 
of the mode of operating in case one-half of the horizontal 
portion should require resection. The muscular attachments 
to be severed, the vessels and nerves to be divided, the de- 
formity resulting, the manual procedure, and the subsequent 
treatment are, with a few variations, the same as already 
mentioned, and the operator will readily recognize them. 

Resection of One-Half of the Lower Maxilla.— 
This operation, as usually described, applies to those cases 
which are the result of chronic bone disease. In military 
surgery the necessity requiring surgical interference is, we 
may say, immediate, in comparison with the length of time 
during which bony tumors are developed. Hence, the va- 
rious modifications and operations described by different au- 

2ZlJ°A 0t T d men - i0n llCre - Thc °P cratio » being 
demanded by a traumatic injuiy, must, of course, be adapted 
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to the cause inflicting the lesion. When practicable, it may 
be performed in two ways, viz : by flap or by a Bingle inci- 
sion, not involving the labial commissure. As the latter bet- 
ter assures symmetry, it is preferred whenever it cau be 
practised. 

Figure 0, plate IT. taken from the work of Bernard and 
Huette, represents the operation as follows : A horizontal in- 
cision is made along the inferior border of the bone extending 
from the symphysis to the angle; to the extremities of this 
incision two others are let fall vertically, one internal, dividing 
the lower lip on the median line, the other external, begin- 
ning at the zygomatic arch and passing behind the ramus. 
This gives a quadrilateral flap, which is dissected up and 
turned inwards. The saw is next applied upon the median 
line, the bone divided, and the soft parts detached from its 
posterior surface with a bistoury closely grazing it from sym- 
physis to angle ; reaching the articulation, a probe-pointed 
bistoury is inserted behind the coronoid process below the 
zygomatic arch, and the tendon of the temporal muscle is di- 
vided, while traction upon the bone is made downwards in 
order to disengage the condyloid process from the glenoid 
cavity. The pterygoid muscle is next detached, and while 
drawing the bone firmly towards him, the surgeon severs the 
ligamentous connexions. This latter precaution is recom- 
mended for the purpose of avoiding the vessels neighboring 
the ramus of the bone and the internal maxillary artery. 

When circumstances permit, it is always advisable to leave 
the coronoid and condyloid processes, and to saw the bone 
below its ligamentous attachments, thus avoiding the facial 
paralysis resulting necessarily from entire ablation of one- 
half.' 

Explanation of Figure G, Plate IL—F, b, a, represent the 
flap ; <l, the median line ; c, the bone. 

Resections of the Superior Extremity. 

Resection of the Clavicle, (Figure 7, plate II.)— This 
bone may be resected in whole or part. Travers, Davie, 
Mott and Syme have published cases of successful result. It 
has been operated upon by many others, and with ciural suc- 
cess but these operations were demanded in consequence of 
chronic disease of bone, and this not appertaining to the pur* 
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pose of the chapter devoted to immediate resections, or those 
made necessary by gun-shot injury, renders their description 
useless, as the mode of procedure must always be modified 
according to the extent and relations of the part to be re- 
moved. The incision may be curved, linear or crucial. Vel- 
peau, in removing the scapular extremity, adopted the last, 
and describes it as follows : First, make a crucial incision, 
each limb of which should extend about two inches from the 
centre ; dissect up and turn back the flaps, and keep them 
well separated ; next divide the acromio-clavicular ligaments, 
and as much of the attachments of the deltoid and trapezius 
muscles as may be necessary; then, by means of a wooden 
lever, introduced into the articulation, raise the bone and de- 
tach the healthy tissues; carry the chain saw from below up- 
wards; divide the bone and remove the diseased portion. 
Yelpeau suggests another operation which he deems prefer- 
able to the first. It is performed by making an incision par- 
allel with the clavicle, and a few lines below it, which termi- 
nates at the acromion process ; another and shorter cut is car- 
ried backwards from the outer extremity of the first, at right 
angles, making a triangular flap. The ordinary or chain saw 
may be used, and the danger of the operation is proportionate 
to the point at which section is practised. The nearer we ap- 
proach the middle of the bone, the closer wc get to the axil- 
lary vessels; hence, the chain saw is more desirable. 

The operation for removal of the sternal extremity varies 
but little from the foregoing, and the following mode of pro- 
cedure explains the ordinary operation: Make an incision, 
corresponding with the long axis of the clavicle, two or three 
inches in extent; divide the ligamentous attachments with a 
bistoury or narrow bladed knife, taking care to follow well the 
line of articulation; slip a piece of sole-leather under the 
bone, and with a small strait saw, or the chain saw, divide it 
at the point selected. In military surgery, the bone being 
fractured, a section of the inner extremity of the portion left 
if scapular, should be made. If the sternal portion be pre- 
served, then its outer end should be smoothly sawn off The 
further attachments must now be severed, and the knife kept 
closely to the bone on its superior and posterior surface ; the 
sterno-oleido-mastoid and sterno-hyoid muscles are detached 
trom the bone to be removed; a section of some of the fibres 
ot the pectorahs major will be rendered necessary on its ante- 
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nor aspect. The important parts thus avoided, and which are 
in near relation with the clavicle posteriorly, are the pleura 
interna mammary artery, sub-claviau vessels, and transverse 
cervical artery. On the right side the innominata, and on the 
left the thoracic duct, merit the surgeon's consideration. 

The entire clavicle may be removed. The operation has 
been successfully performed, and is thus briefly described : 
A curvilinear incision, with an inferior convexity, is made 
from one articular extremity to the other; another is made 
upwards, extending from the acromion process to the outer 
border of the external jugular vein, the platysma myoides 
and a portion of the trapezius are cut through; a grooved 
sound is passed under the bone near the acromion, and serves 
as a guide to conduct the chain saw, which accomplishes the 
section externally. 

In order to facilitate this operation, it has been recom- 
mended by Velpeau and Malgaigne to make three incisions, 
giving a quadrilateral flap with a superior base, which being 
cautiously dissected, is turned upwards, and the resection con- 
tinued as above described. 

The preceding methods were suggested by the existence of 
a large tumor of long growth, which had altered to a great 
degree, the relations of parts, and particularly those of the 
articular extremities. In very recent injuries, there being no 
enlargement of bone, and no abnormal adhesions contracted, 
the military surgeon may proceed to act under more favor- 
able circumstances ; and in such cases, provided the soft tis- 
sues have not been injured or carried away to any consider- 
able extent, the operation is very much simplified by making 
use of the horizontal linear incision, or some slight modifica- 
tion of it. 

The after treatment should be, as much as the cause will 
admit of, that of fractured clavicle, complicated with external 
injury. 

liESECTION OF THE SCAPULO-IIUMERATi ARTICULATION, 
(Figures 9, 10, 11, plates II. and 111.)— That portion of the 
humerus enclosed within the capsule, when disconnected from 
the shaft, becomes a foreign body, and, if left within its en- 
velope, gives rise to great" inflammation, which subsequently 
involves all the bones neighboring the joint. Unlike the head 
of the femur, when fracture occurs within the coxo-femoral 
ar ti, alation. that of the humerus has no source of nutrition 

12* 
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through a ligamentum teres, and hence is left to die within 
its cavity. No chance for ligamentous re-union of fragments 
existing, the superior one becomes a foreign body, and, if not 
removed in time, will do such mischief to the surrounding 
parts as will ultimately demand an operation of more dangerous 
result. 

Articular diseases, requiring surgical interference, are the 
results of inflammation, chronic affections, or injuries of some 
kind, whether of recent or remote date, such as fractures or 
lodgment of foreign bodies. The object which the surgeon 
hopes to attain is conservation to the patient of a partially 
useful limb, which the above-mentioned accidents have ren- 
dered useless at the joint involved. In many instances, mo- 
bility has been restored, and in many also a surgical anchylosis, 
produced in a line of direction different from that of the acci- 
dental anchylosis, has rendered useful a limb which before 
was an incumbrance. It may be laid down, as a general rule, 
that restoration of articular motion may be expected in most 
cases where, after operation, extensor, flexor and ligamentous 
attachments arc, in whole or in part, preserved. In all others, 
anchylosis must result. 

In the operation now under consideration, it would be pru- 
dent not to resect below the inferior attachment of the deltoid 
muscle. Various procedures by which it may be accomplished 
have been proposed, but they may all be reduced to two princi- 
pal modes, viz : by a simple and vertical incision or by forming 
a flap. 

The latter method may be performed in several different 
ways.^Moreau preferred making the flap quadrilateral, with 
its base downwards. Manne, the same, with base upwards. 
Sabatier made it triangular, with superior base, and, moreover, 
he excised it. Morel practised a semi-lunar incision, with base 
upwards. Syme operated by making, first, a longitudinal in- 
cision, of four inches, corresponding with the middle line of 
the deltoid, and next another, extending from the inferior 
extremity of the first and passing backwards as far as the 
posterior border of the axilla. Baudens incised over the antc- 
terior border of the deltoid in a vertical line, commencing a 
little below the coracoid process; at each extremity of this 
incision he made a transverse cut, dividing the fibres of the 
deltoid, but not involving the skin; the object being to have 
■ wider opemng through which to incise the capsule and 
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expose the head of the boue. Malgaigne vaunts highly the 
method proposed by Lisf ranc and says it is incontcstibly supe- 
rior to all others. It is the same as that practised by him in 
amputating at the scapulo-humeral articulation He terms the 
operation of Baudens a multiple operation } and hence excludes 
it from the method by simple incision. 

If any rule can be suggested in regard to a choice between 
the two methods, it may be briefly stated, that the simple 
linear incision will suffice when the head of the bone is crushed 
or comminuted ; but, in most cases, where the operation is 
performed for the removal of diseased bone, the flap method 
will be found to be preferable. Should the latter be practised, 
the following description will serve as a guide to the operator : 
Mako a vertical incision from the apex of the acromion, along 
the middle of the deltoid, to near its insertion, and, from the 
lower extremity of this incision, make another upwards and 
backwards, cutting in a semi-lunar direction, towards the pos- 
terior border of the axilla ; raise up the flap, which will com- 
prehend the external portion of the deltoid; open the joint; 
detach the muscles which are inserted into the tuberosities; 
open the bicipital groove and avoid the tendon of the biceps ; 
thrust out the head of bone and carefully employ the saw. 
It is reported that, in fourteen cases in which this operation 
was performed, only one proved fatal. 

The subsequent treatment should be entire rest, flexure of 
forearm, and close approximation of arm to thorax by long- 
adhesive strips. 

Explanation. — Figure 0, plate II. represents the straight or 
simple incision. Figure 10, plate III. represents the V-shaped 
incision of Sabatier. Figure 11, plate 111. represents the U- 
shaped incision recommended by Erichsen. 

If considered necessary, the glenoid cavity may be removed 
together with the humeral head, and the same operative pro- 
cedure be employed. Iu all cases it should be the surgeon's 
ca- to keen the knife as close as possible to the bone m exe- 
cuting the last mana uvrc, viz : that of ablation of the cardiac 
fragment The distal end ( if severance of bone demands the 
operation) must be neatly sawn through, while due care is 
paid to the axillary vessels and nerves. _ 

The lower extremity of the humerus may be excised or re- 
sected, or a portion of its shaft can be removed. The first 
i, best done by the method for removal of the elbow-joint, 
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and the second by an external linear incision, care being ta- 
ken, if the upper portion is removed, to avoid the circumflex 
artery and nerve, and, if the lower, to cut along the outer 
border of the brachialis anticus and not involve the external 
cutaneous nerve. 

Resection and Ablation op the Scat-ula, (Figure 8, 
plate II.) — This figure represents Syme's mode of operating iu 
which he makes an incision from the acromion process to the 
posterior edge of the scapula, /, e, and another extending down- 
wards from the centre of the first to the inferior angle of the 
bone, c, g. Having dissected up the flops and turned them 
back ho separates the attachments of the deltoid and divides 
the acromio-clavicular connexions. Should the sub-scapular 
artery be divided, it must be seized and tied immediately, lie 
next enters the scapulo-humeral articulation and rounds the 
glenoid cavity, then hooks his finger under the coracoid pro- 
cess and makes traction which facilitates the division of the 
muscular and ligamentous attachments — and this should bs 
done, he says, with rapid sweeps of the knife. 

Other methods have bceu suggested, as exhibited in the 
figure, viz: a flap formed by the incisions, a, />, and b, h, or A, 
d, joined at the extremities by b, h, and A, E. Chassaignac 
advises a single curved incision. 

Janson operated upon the infra-spinous portion of the scapula 
by making two semi-elliptic incisions. Having turned out his 
flaps he discovered that the articular portion was not diseased 
and, by means of a saw, removed the diseased part. The pa- 
tient recovered with use of the shoulder-joint. 

The entire removal of the scapula was performed by Mr. 
Fergusson in King's College Hospital, in February, 1817. 
The arm had been previously removed at the shoulder-joint 
and a portion of the glenoid cavity and adjacent bone' had 
been taken away with it, The patient was reported as doina 
well a month after the operation.* 

Resections at tiie Humero-Cubital Articulation, 
(Figures 12, 13, 14, plate III.) This articulation may be en- 
tirely removed, or only a portion of it be resected. The mode 
of proceeding will depend upon the character of the wound 
and the extent of time which the disease may have occupied 
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ulna and radius, must be involved. The figures 12, 13, 14, 
plate III. arc intended to represent the different ways by 
which these operations may be performed according to the 
part or parts involved and the circumstances calling for sur- 
gical action. In describing the operation, most surgeons lose 
sight of the fact that anchylosis may have occurred in such 
way as to put the arm and forearm in one and the same 
straight line; hence, flexure at the joint would be impossible 
before sectiou is practised, and hence the recommendation to 
" place the patient in a prone position, with the dhow semi- 
flexed" must depend upon circumstances, and cannot be a rule. 
Pirrie advises as follows : " The patient having been placed 
in the prone position, with the elbow semi-flexed on the edge 
of a tabic, and presenting its posterior aspect to the surgeon, 
the joint is conveniently exposed by a wound iu form resem- 
bling the letter II; and the performance of the operation is 
exceedingly easy, if that form of incision be adopted. The 
parallel portions of the wound may be two inches long, and 
the transverse portion should extend from the very margin of 
the outer tuberosity of the humerus along the upper part of 
the olecranon process to as near the inner tuberosity as may 
be without endangering the ulna nerve. The two square- 
shaped flaps having been detached from the subjacent parts, 
the soft parts behind the condyles deflected laterally without 
injurim: the ulnar nerve, and the bones brought into view, 
the olecranon process should be cut through with the bone- 
(brceps and the lateral ligaments divided. After which, the 
humerus can easily be made to protrude, and be sawn off 
through the tuberosities. The head of the radius and por- 
tion of the sigmoid cavity of the ulna left after the division 
of the olecranon process should be removed by the bonc- 
forcepsor saw. and bleeding having been arrested, the edges 
of the wound should be brought together, and the arm se- 
cured in a semi-flexed position. A most useful joint, formed 
by li-omentous union, is the usual result. L have now per- 
formed this operation thirty-five times, and, with one excep- 
tion, all the patients have done well. 1 have practised every 
fo rm of incision, and. although the II incision makes the per- 
formance of the operation very easy, I now invariably prefer 
the single longitudinal incision. By this form of incision he 
,,,,■, p ar ts are left in the best possible state for steadying the 
cut ends of the bout-." 
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Figure 12, plate III. represents the single straight incision 
which Chassaignac recommends. It is made on the external 
and posterior part of the elbow, from a to c, and commencing 
about three inches above the joint, is carried as low as may 
be necessary. The head of the radius is exposed, its shaft 
divided with the chain saw and the upper extremity removed. 
The extremity of the humerus, b, is now exposed and the 
chain saw applied at the point selected ; the fragment of bone 
is easily made to protrude and disarticulation is effected. At 
this juncture, the ulnar nerve must be cautiously avoided. 
The upper extremity of the ulna is now brought within reach 
and easily sawn through. 

Figure 13, plate III. is a modification of the foregoing and 
is the straight incision made use of in removal of the ex- 
tremity of the humerus alone. It is practised on the posterior 
and external part of the arm to an extent which admits a free 
exposure of bone. The same precautions apply in this case as 
in total resection, and due regard must be paid to the brachial 
artery and ulnar nerve. 

Figure 14, plate III. is descriptive of Moreau's quadrilateral 
flap, with base upwards, and shows the action of the saw upon 
the humeral extremity, while a slip of wood or metal is carried 
under it to prevent injury to the soft parts on the anterior 
aspect of the arm. 

Other resecting operations may be performed at or near the 
humcro-cubital articulation, and the preceding descriptions 
are deemed sufficient as a guide to the military surgeon. 

The rules and descriptions which have been given above 
serve for removal of the entire bone or only a portion of its 
shaft between the articular surfaces. The only modification 
worthy of note here is that of adding a transverse incision 
backwards to each extremity of the longitudinal cut, thus 
giving more room for action by forming a quadrilateral flap. 

Resection and Ablation of the Radius.— As the 
heading indicates, this bone may be operated upon- in whole 
or some part of its continuity. Its articular surface in rela- 
tion with the humerus is easily managed by the surgeon, while 
the inferior or radio-carpal surface is more complicated and 
justifies a brief mention. 

The wrist-joint is enarthrodial. The parts entering into 
its formtion are the lower end of the radius, and under sur- 
lace or the triangular interarticular fibro-cartilage above ; and 
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the scaphoid, semilunar and cuneiform bones below. The ar- 
ticular surfaces of the radius and interarticular fibro-cartilage 
form a transversely elliptical concave surface. The radius is 
subdivided into two parts by a line extending from before 
backwards; and these, together with the interarticular carti- 
lage form three facets, one for each carpal bone. The three 
carpal bones are connected together and form a rounded con- 
vex surface, which is received into the cavity above mentioned. 
All the bony surfaces of this articulation are covered with 
cartilage, and connected together by the ligaments known as 
external and internal lateral, anterior and posterior, and these 
are invested with synovial membrane. 

It will be perceived from the above description, given by 
G-ray, that the manoeuvring of the knife is more difficult at 
the earpo-radial thau at the humero-radial extremities. 

Resection of the Inferior Extremity of the Radius is re- 
presented by figure 15, plate IV, and may be thus described : 
Make a straight incision along the outer and posterior part of 
the bone (where it is nearest the surface) and parallel with 
its longitudinal axis. Keeping the knife close to its surface, 
detach the soft parts and introduce the chain saw. As soon 
as section is accomplished, the knife should graze the ulnar 
side of the radius, and the surgeon, grasping in his left hand 
the part to be detached, disarticulates it while carefully avoid- 
ing the artery and preserving the tendons. 

Another step in the operation for the same purpose is shown 
by figure 16, plate IV., where, after denuding the bone and 
sawing through its shaft, the left hand of the operator seizes 
the cardiac or proximal extremity of the portion to be re- 
moved, while the right, properly using the point of the knife 
at the articulation, b, opens it and avoids the artery, a. 

RE8ECTIONS AND ABLATION OF THE ULNA. — Like the 

radius, the ulna may be removed entirely or in part. It may 
be resected at either extremity or any part of its continuity. 
The superior articular surface of the bone having several ine- 
qualities, becomes more difficult of removal than the inferior, 
and requires more time and caution. 

The lower extremity of this bone articulates with the radius 
externally, an anterior and posterior ligament binds it to the 
Bame while a lateral ligament connect-' its styloid process with 
,j 1( , carpus. The operation for its removal is performed as 
fol] flu hand in a supine position and forcibly ab- 
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duct it — this stretches the lateral ligament ; make a longi- 
tudinal incision along the internal border of the ulna and a 
transverse incision over the dorsal part of the articulation, 
Forming a right angle outwards, with the inferior extremity 
of the' first/ The triangular flap, thus formed, is carefully 
dissected up, the bone properly denuded and disarticulated, 
while an aid cautiously draws aside the tendons, and the ope- 
rator avoids both them and the vessels and nerves. A spatula 
or any flat instrument is next carried under the extremity of 
bone, and final section and removal are readily accomplished 
by a small straight or chain saw. 

In preference to the foregoing, other surgeons prefer the 
single linear incision, parallel with the longitudinal axis of 
the bone. Others again prefer making the transverse incision 
inwards. The figures will explain the lines of incision. 

Figure 17, plate IV. represents the ordinary operation by 
a single longitudinal incision. Figure IS, plate IV. is^ the 
modification of figure 17, by making the transverse incision 
above alluded to : a is the angle of triangular flap turned out- 
wards; b, the bone; c, the spatula or slip of wood or ivory; 
and (?, the saw acting at the point of section. 

Resection or the Upper. Extremity of the Ulna. — 
This operation, as well as that for removal of the olecranon, is 
performed in a manner very similar to the processes above- 
mentioned, and the surgeon will readily discriminate between 
the propriety of the flap and the longitudinal incision, avoid- 
ing at the same time the nerve and vessels. The operations 
upon the shaft are usually performed by making a linear in- 
cision parallel with the longitudinal axis of the bone, and the 
cutting edge of the knife is kept in close contact with the 
bone, in order to preserve as much periosteum as possible and 
prevent inju-ing important soft parts. 

Resection or the Lower Ends of both Bones, (Figure 
19, plate IV.) — An incision, of a length suitable to the cir- 
cumstances demanding the operation, is made along the inner 
border of the ulna and the outer border of the radius, in the 
same way as if the lower end of either bone were to be re- 
moved ; these two incisions are connected on a level with the 
line of articulation by a transverse dorsal one, and the flap is 
then dissected up. Due care should then be taken to avoid 
the tendons, vessels and nerves ; the bones are divided with 
the chain saw, and, while both the anterior and posterior 
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tendons are carefully displaced, the surgeon manipulates the 
articulation with the point of the knife, according to rules 
already given. Some surgeons prefer not to employ the trans- 
verse incision, but simply to resect each bone separately, by 
cutting on either side in a line with the longitudinal axis of 
the {'ore-arm. 

Figure 19, plate IA r . a, b, c, d, represents the outlines of 
the bones — their articular relations, their direction, the radio- 
carpal joint and the lines of incision. 

A modification of the methods above referred to was sug- 
gested by Jtoux, who made two longitudinal incisions similar 
to those already mentioned and two transverse, extending 
backwards from the lower ends of the first to cither side of 
the extensor tendons that partly cover the posterior surface of 
the articulation. Two V shaped flaps arc thus obtained, which 
arc reflected, and the tendons that glide in the bony grooves 
are carefully respected. lie isolated these and then (as a 
protection) passed a compress, spatula or piece of card between 
them and the bone, and while an assistant turned the hand 
outwards, after sawing the ulna, he detached this fragment 
of hone from its articular connexions. The hand was next 
turned inwards and the cud of the radius managed in a similar 
way. ^ 

This operation, as performed by Roux, was intended to in- 
volve the entire wrist-joiut, but, as it may stop short of the 
carpus, it might be of service in the removal of the lower ends 
of the radius and ulna. 

Resection of the entire Carpus, (Figure 20, plate 
IV.) — Blackburn says, that "excision is advisable in the 
shoulder and elbow, and that it is inadmissible, except under 
very peculiar circumstances, in the wrist." Pirrie says, " I 
have twice performed the operation of excision of the wrist- 
joint; once in the Aberdeen Hospital and once in private 
practice. The result was a serviceable hand, with three of 
the fingers decidedly bent, in the latter case. In the former 
case, I made a long and straight incision behind, deflected 
the tendons to each side and removed the whole of the carpal 
bones along with the extremity of the radius, and the gratify- 
ing result was that the patient had a most serviceable hand 
and enjoyed the full use of all her fingers " 

AVitliout undertaking to advise the operation or counsel the 
adoption of cither one of the methods proposed, the surgeon 
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who undertakes it may find a guide to his incisions in the 
figure above-mentioned. 

Figure 20, plate IV. represents the curved incision of Chas- 
saignac with a downward convexity. Another method is that 
of parallel incisions; one on the radial, b; another on the 
ulnar border, e; and these two incisions are joined by one 
made transversely over the dorsal surface of the carpus. The 
flaps are then properly dissected a ad the tendons cared for. 
The figure, being intended to represent the various operations 
at the wrist-joint, needs no further explanntion than to state 
that e, ,'/, mark the limits of Butcher's curvilinear incision,. in 
which he divided all the tendons except those of the thumb, 
and that f and d are the points limiting his incisions in a case 
demanding removal of all the carpal, with the fourth and fifth 
metacarpal bones. The flap thus formed is raised from the 
dorsum of the hand, beginning a little below and outside the 
second extensor of the thnmb, over the junction of the first 
and second carpal range, and terminating at a point nearly op- 
posite to where the incision commenced. In order to expose 
the metacarpal bones sufficiently, a straight incision had to 
be carried along the fourth mi taoarpal, d, and a flap dissected 
outwards. 

Carpal Resections have been practised upon single bones, 
and, by some, the entire carpus has been removed. It is a 
matter of doubt among surgeons whether operations of this 
character are legitimate. Should an attempt at removal how- 
ever be determined upon, the performance of it may be facili- 
tated by reference to figure 21, plate V., which is a vertical 
section through the articulations at the wrist, showing the five 
synovial membranes. As it is incumbent upon the surgeon 
to avoid, as much as possible, entering any one of these syno- 
vial sacs not involved in disease or wound, this map of the 
membranous reflexion has been here inserted.* 



* Sir Astley Cooper successfully extracted the scaphoid, in a case 
of luxation of this bone, occasioned by an accident from machinery. 
He lays it down as a principle, that when, in an analogous case, 
one or two bones of the carpus are displaced, they must be re- 
moved; but if the injury be more extensive, amputation is rreeas- 
sary. Velpeau was obliged, in a similar case, to remove the injured 
bone with the two metacarpal bones. After having cut their dorsal 
attachments to the neighboring bones, he passed a spatula into the 
articular intervals, using it as a lever for separation. In this wiry 
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Metacarpal Resections, ( Figures 22, 23, 24, 25, plate 
y j—TIk! complete or partial excision of these bones is ren- 
dered comparatively easy in consequence of the superficial con- 
dition of then 1 dorsal aspect and the facility of detecting the 
tendons coursing over it. These latter, being simply subcu- 
taneous, are readily put aside and as readily avoided by making 
a lateral incision. If a complete resection be demanded, the 
carpal bono, with which the metacarpal is articulated, must 
also be removed. In such cases, the longitudinal incision is 
made to the extent required, the tendon drawn aside, the bone 
closely denuded, the saw applied at the proper point and the 
portion to be removed carefully disarticulated. The carpal 
bone is then extirpated. Figure 22, plate V. explains the 
operation. 

Resection of an entire metacarpal hone may become neces- 
sary, and, according to the one injured, surgeons recommend 
different lines uf incision or that amputation be preferred. 

The anatomical relations of the thumb will at once suggest 
the proper cut to be made when circumstances demand the 
removal of its metacarpus. The operation was successfully 
performed by Troccon in 1816, and subsequently by lloux 
and Blandin. The rule most, usually adopted is to make au 
incision along the radial border (if it be the metacarpus of 
(he thumb or index finger involved) of the bone, passing half 
an inch beyond each of its two articulations; detach with 
caution the skin and extensor tendon from its dorsal surface 
and the muscles from its palmar. Let an assistant hold the 
edges well apart; then carry the point of the bistoury on the 
external side of the carpal articulation j divide the tendon of 
the lono- abductor, which is attached to the metacarpal bone, 
and traverse the articulation; then try to luxate the bone 
outwards, and pass the knife along its internal surface to com- 
pletely separate it from all adherent soft parts. Lastly, destroy 
the metacarpophalangeal articulation by dividing the internal, 
external, lateral, and the autcrior ligaments. The radial artery 
may be easily avoided, but, if divided, can be readily ligatcd. 
Lint or graduated compresses should be employed from betorc 



he E ot a bistoury well inserted and completed the section of the 
palmar ligaments. The dissection of the unciform process, under 
which the artery and nerve pass, requires an increase of precaution 
lest they be injured.— Malgaignb. 
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backwards, in order to secure rapid union, and the thumb kept 
in its natural position. After cure, there is a temporary usc- 
lessness of the thumb and also shortening, but, by degrees, it 
regains almost all its natural movements. In case the firet 
incision does not suffice, add others to its extremities. 

Figure 23, plate V. represents the removal of the entire 
carpus of the middle finger. Figure 24, plate V. is intended 
to show the method of removal of the metacarpophalangeal 
joint of the same. Figure 25, that of the thumb. 

It may not be. inappropriate to state, in this connexion, that 
surgeons of much celebrity counsel against performing such 
operations as the foregoing, where disease or traumatic injury 
involves the metacarpus of the index or little finger. It is 
given as a reason for such- advice, that the " probable short- 
ening of these fingers would leave a deformity, perhaps as 
great as that of amputation, and would doubtless injure the 
strength of the hand more." 

The metacarpal bones of the middle and ring fingers arc 
differently conditioned, and may, therefore, be operated upon 
to greater advantage. These fingers might be retained in 
position by their connection with those bordering them on 
each side and the hand preserve its normal strength. In case 
of operation an incision should be made along the dorsal sur- 
face of the bone to the side of the extensor tendon, which 
should not be injured on any account, and the disarticulation 
commenced at the phalangeal joint. 

Modifications of operations have been suggested, but it is 
conceived that the figures already alluded to will serve every 
purpose the surgeon may stand in need of should the knife 
and saw or bone-scissors be required. 

Kesection op the Phalanges. — It frequently becomes 
necessary to ablate a phalanx, whether disease should have 
attacked it or an immediate injury require operation. Paro- 
nychia is of frequent occurrence in military surgery, and the 
hand, being very much exposed, is often wounded in one or 
the other of its parts. A blow is frequently received upon 
a finger, inflammation supervenes and suppuration occurs. 
Death of bone ensues and its removal is demanded. It is 
extremely rare that necrosis or caries takes place, under ordi- 
dary circumstances, in paronychia of the first or second pha- 
lanx. It rarely fails to be the case when the third or ungual 
phalanx is involved. M. Vclpcau explains this by referring 
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to the coverings of the first two as compared with those of the 
last. In the first, we have skin, subcutaneous cellular tissue, 
tendon, sheath and bone ; in the latter, there is scarcely an 
interruption of tissue, the skin, subcutaneous structure and 
bone being closely adherent, one to the other, and forming 
what is known as the pulp. Here, then, an inflammation 
arising goes on without interference and invades the series of ' 
structures thus closely combined. M. Nekton adopts Vel- 
peau's explanation and thus accounts for the infrequency of 
necrosis or caries in whitlow, occurring in the first two pha- 
langes and its frequency in the terminal or ungual phalanx. 

In paronychia, it not rarely happens that pus, following the 
course of the tendons, forms sacs either in the hand or on the 
anterior aspect of the fore-arm. Once reaching the fore-arm, 
it burrows its way between muscle and muscle, and finally 
produces a very grievous affection to the patient and au em- 
barrassing one to the surgeon. This, however, is not the re- 
sult of a paronychia indiscriminately located. In order that 
such purulent infiltration may occur, the primary source of 
pus must reside in either the thumb or little finger; if occur- 
ring iu the other fingers, its flow will be arrested on a level 
with a line drawn across the middle of the palmar surface or 
a little above it. 

If the hand be dissected and the tendinous sheaths of the 
fingers be inflated, a ridge will be formed by the air distending 
the synovial membrane ; that of the thumb and little finger 
will extend as far as the annular ligament and follow the ten- 
dons of the flexor muscles; whereas, distension of the remain- 
ing three sheaths will cease at the line above indicated. This 
proves that the synovial membrane lining the flexor sheaths 
of the thumb and little finger extends the length of their 
tendons and communicates with that of the common flexors 
of the hand. Pus following this tract will ultimately lodge 
in the anterior part of the fore-arm and become sacculated. 
Hence, dissecting abscesses may result from paronychia of the 
two fingers alluded to, while that of the other three, should 
pus gravitate, will be arrested in the palm. If removal o 
bone is decided upon, a simple median palmar incision will 
suffice for the last phalanx; a lateral or bilateral incision will 
answer for removal of the others, and care should be taken to 
preserve the tendons within their sheaths and to adjust the 
parts properly after operation. In removal of the ungual pha- 
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lanx, the nail should be left. The periosteal bed having been 
preserved to as great an extent as possible, there exudes an 
adventitious structure, which, after awhile, fills up the space 
formerly occupied by bone, and, passive motion being exerted, 
a very useful joint results. There are numerous instances of 
success in such cases. 

Resection of the Ribs. 

This operation was performed, according to Malgaigne, by 
Aymar de Grenoble in the seventeenth century aud at a much 
later period by llicherand. The bone, or that portion of it to 
be removed, is laid bare by an incision, which may be straight, 
crucial, curved, or by three incisions, giving a quadrilateral 
ffap. The intercostal muscles, above aud below the bone, are 
next detached by sliding in a grooved sound and cutting 
down upon it, or carrying the knife along its channel anjj 
cutting outwards; the pleura is now separated from the rib 
by a cautious use of the smooth handle of the scalpel and the 
bone resected by means of the chain or Hcy's saw. 

When the disease has lasted long enough to become chronic, 
adhesions form between the visceral and parietal reflexions of 
the membrane, so that introduction of air into the sac is but 
little to be feared. In some cases, however, the pleura is in 
a normal state, or its thickening may be of such a character 
as to require excision of it. Under such latter circumstances, 
scissors, curved on the cutting surface, should be used; and 
the suffocating effect of a rapid introduction of air into the 
thoracic cavity should be relieved by either closing the wound 
immediately or covering it with a broad compress thoroughly 
smeared with cerate. The rules for operating in cases of em- 
pyema will be of service, in a modified form, when the resec- 
tion of the rib is performed partially or entirely. 

llicherand feared frightful flow of blood from section of the 
intercostal artery, but, as it is one of very small calibre from 
the end of the posterior third of the rib, his fear was baseless. 

Resections of the Lower Extremity. 

Authors differ very much as to the practicability of per- 
forming these operations at certain articulations. The joints 
subject to surgical interference in consequence of long con- 
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tinucd disease or recent injury are the coxo-fenioral, tibio- 
femoral, tibio-tarsal, tarso-metatarsal, metatarso-phalangeal, 
and inter-phalangeal. The propriety of resection is commen- 
surate with the amount of injury, the length of time it has 
occupied, and the general condition of the patient. In recent 
gun-shot wounds, which are attended with compound commi- 
nuted fracture of joints, the question arising in the mind of 
the surgeon is : shall resection or amputation be performed ? 
The decision must depend upon the character and extent of 
wound and its entire condition as regards both the soft and 
hard tissues. As a substitute for excision of bone, some sur- 
geons have recommended, in cases where joints are involved, 
the mere use of mechanical force by which to overcome the 
opposing cause. This method is entirely employed in cases 
chronic and anchylosed. Yet it is not out of place to give 
it some consideration. Anchylosis, as now accepted, means 
a stiffened joint, whether bent or straight, though the word 
from which it is derived signifies crooked. The operations 
which it requires arc more often performed, according to the 
joint involved, upon the straight than the crooked limb; but 
the term is significant to every surgeon, and uselessness of 
joint in consequence of synovial adhesion, bony fusion, os- 
seous deposit in the ligaments, or muscular retraction, accom- 
panied with fibrous deposits in the textures external to the 
joint, gluing them to each other, all come under the general 
head Anchylosis. 

According to what has preceded, it will be readily inferred 
that anchylosis may be complete or partial, and the displace- 
ment which it sustains must decide the operation to be pur- 
formed. In such chronic cases as we now consider the ques- 
tion very naturally arises, whether a subcutaneous incision of 
tendons should be first practised, the wound allowed to heal, 
and force be subsequently employed, or whether force should 
be employed without previous division of tendons. This will 
depend upon the fact in the case. An author of much celc- 
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joint, and endeavoring to move one part on the other, is un- 
mistakeablc; the sensation of solidity, which is communi- 
cated under these circumstances, is never felt when the adhe- 
sions are fibrous. Yet, as bony anchylosis is the exception, 
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and fibrous adhesions exist so commonly, as to constitute the 
rule, the full effect of chloroform should always be obtained 
before anchylosis is pronounced to be bony. I know no cer- 
tain test which will enable true and false anchylosis to be at 
once distinguished, except the peculiar and unmistakable sen- 
sation which is communicated by solid bony union. But this 
is certain, that when the slightest motion exists, union is not 
bony. And again, when the muscles about a joint are rigid, 
or the tendons are tense, union is not bony."* If the adhe- 
sions be fibrous, they may be ruptured by forcible extension, 
and motion be successfully restored. If, together with fibrous 
adhesions, muscular contractions exist to. such an extent as to 
prevent forcible extension having any effect, then the teudons 
and fascice should be divided subcutaneously, and extension 
be afterwards made use of. The after treatment consists in 
placing the limb in any easy and properly adjusted splint, 
keeping it preserved at perfect rest until all inflammation has 
subsided and pain been removed ; after this, passive motion 
should be employed. 

The author, above quoted, furnishes a statistical table of 
thirty-two cases occurring under the one or the other of his 
two divisions, as already mentioned — those requiring and those 
not requiring sub-cutaneous section previous to using forcible 
extension. He says, " of thirty-two cases which I have submit- 
ted to rupture, the following has been the result : in eleven in- 
stances, complete power of motion, or nearly complete power, has 
been gained ; in fourteen, partial but useful motion has been re- 
stored ; and in seven, the limb has been rendered straight and 
the joint has remained stiff. Of the eleven first-mentioued 
cases, eight were of the hip, one of the shoulder, one of the 
elbow and one of the ankle. Of the fourteen in the second 
series, five were of the knee, four of the hip, two of the elbow, 
one of the shoulder and two of the ankle; and of the remain- 
ing seven, four were of the knee, one of the hip, one of the 
ankle and one of the elbow. 

If the above treatment should be deemed of no avail, then 
the surgeon must resort to other measures, and if the object 
aimed at, in the treatment of certain articular diseases, is to 
obtain anchylosis, the maintaining of the limb in a serviceable 
position should be strictly enjoined. 



* Bradhurst, (Treatment of Anchylotis.) 



01 XI! K t ■ [ITY. 

!: ese< riON or the Coxo-Fkmoral Articulation, (Fi 
26, 27, 28, plate VI.) — Mr. Guthrie informs us that, in his 
opinion, the above operation should be invariably practised 
iii discs where the bone, though injured, is entire. He also 
that it should always be done irr cases of injury, when 
the bone cm be sawn through immediately behind the tro- 
chanter major, and sufficient flaps can be preserved to close 
the wound tlm.- made. 

The operation, we are told, "was first performed by Mr. 
Anthony White, in 1821, with perfect su< oi ss, although Sir 
E. Home and the medical officers of St. George's Hospital 
gave it as their opinion that it would be useless, impracticable 
and fatal." So many cases of success have been made known, 
that it may now fairly rank among the established operations 
of surgery ; and, as an argument in its favor, ii may be stated, 
that whether the acetabulum be involved or not, it frequently 
sets up a process of repair and becomes filled with fibrous tissue 
as soon as it is relieved of the head of the femur. 

Various modes of incising the superjacent soft parts have 
been suggested and practised, as the figures will show. Mai- 
ne prefers the simple longitudinal incision, extending from 
the crest of the ilium to three inches below the trochanter 
major, in consequence, he says, of the favorable results at- 
tending a similar incision wheu the head of the humerus is 
excised. Many surgeons, however, are of an opposite opinion 
in regard to both operations — shoulder and hip — and contend 
that the straight incision, from above downwards, is followed 
by the burrowing of pus and the subsequeut formation of 
deep-seated abscesses, giving rise to pyaemia, erysipelas or 
exhaustion, either of which may result fatally. Should the 
suroeon prefer this mode, he will make the incision as above 
indicated clear away from the bone the soft tissues, apply the 
chain saw below the trochanter, and grasping, with a proper 
forceps, the upper fragment, remove the head of bone by en- 
tering the capsule and keeping the knife in close contact with 
' its surface, in order to avoid injuring the important vessels 
and nerves, which an incautious manipulation might involve 
After the operation, the limb must be brought into the straight 
position and kept at rest by means of a long splint, and the 
case be treated on general principles. If every tning goes on 
well the patient will recover with a useful limb, having a 
13 
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considerable degree of motion at the nip and can walk com- 
fortably wifh a high-heeled shoe. 

The same precautions appertain to the after treatment in 
all cases, it matters not what the incision — straight, curved 
or semilunar. 

Figure 26, plate VI. represents the last step in the opera- 
tion, which is performed by making a curved cut, as seen at 
figure 28. In this latter figure, which serves "to show the 
mode of procedure before the bone has been divided by the 
saw, the incision has its convexity backwards, and embraces 
the posterior part of the great trochanter, its limits being the 
iliac crest and two inches below the process mentioned ; the 
bone, b, is next reached, and the chain-saw, </, is applied at 
the point of section and passed under it with the needle, (/, 
held in the right hand,/; the index finger of the left hand, 
e, is passed under the external side to free the point; after 
sawing the bone, the lower end of the upper fragment, a, 
figure 26, is grasped with forceps, or a ttre-fond, b, and dis- 
articulation practised with caution by properly employing the 
point of the knife, c. 

Figure 27, plate VI. exhibits the method of operating by 
making a semilunar flap with an upward convexity. The 
incision is marked by a, b, c. It surrounds the trochanter, d, 
except on its lower part. The flap is dissected from above 
downwards, muscular attachments are severed, the capsular 
ligament freely opened, the femur is carried towards the me- 
dian line by an aid, who, at the same time, should rotate it 
inwards, and thus dislodge its head. The ligamentum teres 
is cut, and a flattened piece of wood, a spatula, or any similar 
article, being placed between the bone and subjacent soft 
structures, section is readily accomplished by the chain or 
other saw. 

Various modifications of the foregoing operations have been 
proposed, and as Malgaigne very properly says: "If von 
prefer the method with flaps, you may cut a triangular flap 
on the outside (Rossi), or a semilunar, with the convexity 
downward, extending from the spine of the ilium to the 
sciatic tuberosity (Velpeau); or, lastly, any variety of exter- 
nal flapjrroposed for the coxo-femoral' disarticulation." 

The femur may also be resected at any point between its 
two articular extremities and the rules already given, with 
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those which follow, in regard to the operations at its inferior 
jointures, are sufficiently explicit to guide the operator, whe- 
ther he considers total ablation of a portion of the shaft ne- 
ary, or whether his aim he to remove involucra of bone, 
from their casement in new growth, as evidenced by inserting 
the probe into the cloacae or openings of fistulous character^ 
ed by the long residence of carious bone acting as a 
foreign body. In the latter case, the removal of a portion of 
new growth to an extent sufficient to allow the surgeon to ex- 
tract the dead spicnlae or portions of bone, will be sufficient; 
the wound being well stuffed with lint, will rapidly gran 
date, and perhaps several small fragments, which were not at 
first discovered, a\ i 1 1 come away during the granulating pro- 

Tbe cavity will soon till up, and continuity and • 
fulness of the bony shaft be restored. In the former instance 
the hiatus left between the upper and lower fragments Bhould 
matter of serious consideration, lest false joint result. 
Resections or the Femoeo-Tibial Articulation, 
- Pigs. 20, 30, plate VI. and 31, 32, plate VII.)— The object, 
of this operation is to produce a firm and useful limb, slightly 
shortened and with entire bony anchylosis, or fibrous union 
;M the situation of the joint. But all cases are not suitable 
ror excision, as, for example, where the quantity of bone to 
be removed is too great, or where the quality of diseased bone 
is such as experience has shown to be incompatible with thr, 
exudation of healthy material of repair, ( Druitt.) Mr. Pi 
urgeon to the Great Northern Hospital, London, says that if 
the "white swelling" has begun with disease of the synovial 
membrane or so-called ulceration of cartilage, the diseased 
joint-surfaces may be cut off and the case will do well; or if 
I here be scrofulous exudation iuto the bonc-structurc and it 
be in one or more circumscribed masses, bounded by a layei 
of lymph and healthy bone, these masses, when laid bare by 
the section of the bone, may be gouged out, as a dentist would 
deal with a carious tooth, and, if souud bone be left, the patient 

will do well. . 

If however, there should be an infiltration, throughout 

the cancellous structure, of strumous deposit— if the bone 

becomes enlarged and softened, and its periosteum thickened 

and separating from it-excision would be uuadvisable, be- 

ause the whole disease can scarcely be removed, and disea 

I ,»ble of healthy exudation. Low mflamroa. 
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tion and repeated abscesses will be tbe certain result, and if 
the patient do not die of exhaustion or 'pyaemia, he must go 
through amputation at last. 

Since there are no absolute diagnostic marks of the various 
forms and degrees of joint-disease, it may happen that a de- 
cision can only be made after exposing the articular surface 
or removing a portion of bone connected with the joint. 

Mr. Butcher, of Dublin, in his " Second Memoir on Exci- 
sion of the Kuce-Joint," gives the following rule : The patient, 
whilst under chloroform, suffers no prolonged shock, and, if 
the bones are found extensively diseased, amputation should 
be performed at once. This has been done in many cases. 
The patient loses nothing by an attempt to save his limb, and 
pedantry only, complaining of such as u disturb her ancient 
melancholy reign," could object to the proceeding. 

The surgeon, governed by the attending circumstances, will 
either select for himself or adopt one of the operative proce- 
dures represented by the figures above-mentioned. It is not 
necessary, in all cases, to subject the entire articular surface 
to removal. The extremity of either one of the bones con- 
curring to form the joint may be solely involved, and hence 
should be alone interfered with. Figure 29, plate VI. is taken 
from the work of Bernard and Huette. It represents Syme's 
mode of resecting the joint under consideration and is thus 
described : The leg flexed at a right angle with the thigh, the 
operator makes a curved incision above the patella, with a 
superior convexity, extending from one lateral ligament to 
the other. The articulation should be entered by this single 
cut. Another curved incision is made below the patella, with 
an inferior convexity, meeting the two ends of the first. The 
patella is thus circumscribed in an elliptical flap and rerun' 
The lateral and deeper ligaments are next divided with the 
point of the knife; the extremities of the femur and tibia arc 
f hen turned out successively, after due care has befcn prac 
tised in removing from them the soft parts, in order not to 
injure the popliteal vessels. A flat instrument, b, c, it matters 
not what, is passed under each bone at the point of section as 
a support to the saw, d, and a protection to structures subja- 
cent, which should also be withdrawn by a split bandage or 
retractor, e. The exposed end of the femur is shown by a. 
Figure 36, plate VI. is intended to show the lines of section 
made by different surgeons in cases of anchylosis of various 
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characters and directions. In making section, when true an- 
chylosis exists, it is advisable to unite the bones at a slight 
angle anteriorly j the section, therefore, should be nearly in 
the lines, h, h, and i, j. 

It has been suggested to saw the bones very obliquely when 
lion of the shaft is involved in disease. The femur and 
tibia may be resected when disease extends to the anterior 
part of the lower portion of the former and the lines of section 
are marked by the corresponding horizontal lines, as mapped 
off in the skeleton figure just referred to. The lines will be 
ie versed when the anterior and upper portion of the tibia is 
diseased. The parallel lines may be termed the lines of bony 
', and, whether one or other operation be performed, 
they must accord with each other. 

It is a matter of discussion in regard to removal of the pa- 
tella. If it is removed, there can be found very good authority 
for the propriety of the operation. 

Rejection of the patella is performed by the crucial 
or H incision, taking care to remove the bone, and to pre- 
serve, to as great an extent as possible, the tendinous expan- 
sion. It is well known that there are cases of congenital 
absence of this bone, and not the slightest impairment of the 
function of locomotion attending it. This fact alone would 
rather invalidate the arguments of those who contend that it 
should never be ablated. Too much care cannot be taken to 
preserve the longitudinal continuity of the ligament.* 

Figure 31, plate VII. illustrates the method of operating, 
by making a semilunar flap anteriorly, and shows the man- 
ner in which the saw is applied to the part or parts to be 
removed. 

Figure 32, plate VII. exhibits the first steps in the same 
Operation. A curved incision is made which sweeps around 
li.e lower end of the patella. It should commence at or near 
the point, of insertion of the internal lateral ligament into the 
inner condyle of the femur, and terminate at a corresponding- 
point exteriorly. The flap is then dissected up, (figure u2,) 



* In the voluuio of American Transaction,, for the year ■1861, wil. 
be found the report of a case of congenital absence of both pa. 
tell© presented by Prof. H. F. Campbell. In this case (a grown 
S San) the subject walked, ran, leaped and performed a 1 the 
variou? functions of locomotion without the slightest inconvenience. 

IS* 
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the patella removed, and division of the ligaments next prac- 
tised. In order to isolate the soft structures, a bandage of 
sufficient width should be passed under the end of bone to be 
sawn off; and while an aid draws firmly on it, the operator 
applies the saw, first to the end of the femur and next to the 
head of the tibia — (figure 31.) Due care should be observed 
in not wounding the arteries coursing around the joint, by 
making the incision lower than as above recommended. 

Modifications of the preceding methods have been pro- 
posed. Some surgeons recommend that the flap be carried 
below the tuberosity of the tibia, where the quadriceps ex- 
tensor has its insertion. 

If immediate interference be required for partial or entire 
removal of either bone of the leg, the foregoing remarks and 
quotations, with reference to the plates and figures, will pro- 
bably be of some service to the surgeon who may possess this 
manual. We are informed that each bone has been removed 
in totality and the result been one of perfect success. As the 
superior extremity of the tibia and fibula has each been con- 
sidered in the operation termed resection of the knee-joint or 
fe:novc -tibial articulation, it would be useless to mention the 
steps to be taken in removing the upper end of either bone, 
except to say that the head of the fibula has a synovial re- 
flexion independent of the general capsule of the joint, and 
hence 'may be removed without involving the latter. Some 
authors are of a different opinion. 

Resections or the Tibio-Tarsal Aimei. daxion, (Fig- 
!3, 34, 35, plate VII. and figures 80, 37, plat. V ill / 
The knee-joint having been disposed of, and a brief allusion 
made to the resecting of the superior articular extremities or 
portions of the bony shaft of either the tibia or fibula, another 
case occurs wherein disease of long growth or immediate in- 
jury may involve the ankle-joint or its close neighborhood, 
Ue the rest of the foot may be entirely healthy. Chi 
alus has been excised; the astragalus and us caleis have 
. successfully removed ; the astragalus, os calcis, and cu- 
boid bone have been removed with equal suceess; and the 
only question which the surgeon has to decide for himself is 
the one of resection or amputation. If the former be pre- 
ferred, a reference to the history of the case must not be over- 
looked, nor a careless examination of shattered bone be visited 
upon the operator. 
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Surgeon Henry Hancock, of Charing Cross Hospital, Lon- 
don, says : "This operation was first performed by Moreau, 
and subsequently by Jiiger and others abroad; but, I believe, 
I am justified in stating that, with the exception of those I 
have done myself, there is not a single instance upon record 
in which excision of the ankle-joint has been performed in 
this country for disease." 

The success of the operation depends, in a great measure, 
upon leaving the anterior and posterior tibial arteries intact, 
and on no account to open the sheaths cf the tendons. 

Commence the incision about two inches above aud behind 
the external malleolus, and carry it across the instep to about 
two inches above and behind the internal malleolus. Take 
care that this incision merely divides the skin and does not 
penetrate beyond the fascia, Reflect the flap so made and 
next cut down upon the external malleolus, carrying the knife 
close to the bone, both behind and below the process. Dis- 
lodge the peronci tendons and sever the external lateral liga- 
mentous attachments This accomplished, cut through the 
fibula with the bone nippers, about an inch above its lower 
end, and remove the fragment, after dividing the inferior 
tibio-fibular ligament. Dissect, carefully, the tendons of the 
tibialis posticus and flexor communis digitorum, from behind 
the internal malleolus, and expose the joint. Carry the knife 
close around this latter process and detach the internal lateral 
ligament. The lower end of the tibia being now turned out- 
wards, the diseased portion is sawn oil', and afterwards, with 
a small metacarpal saw, placed back of the astragalus and be- 
en it and the tendo-Achillis, remove the former by cutting 
from behind forwards. Replace the parts m situ, close the 
wound on the inner sole and front of the ankle, and leave a 
.arse on the outer side; the last step is to 
e the limb on a splint applied externally, and fenestrated 
bored, so as to allow the escape of pus. Water drea 
best adapted to such operations. Tour eases of entire 
by the foregoing method, are reported by au English 
surgeon, and he says his patients could "walk, run and jump 
without any inconvenience. ' 

The figures referred to will guide the operator, whether en- 
tire or partial resection be required, and the foregoing descrip- 
tion of the manner in which the whole articular surface may 
bo removed does away with the necessity for describing mi- 
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nutely the partial operations at this joint. Preservation of 
the tendons and arteries should, however, be always kept in 
iniud. 

In 1858, the writer of this chapter assisted Professor A. E, 
Peti colas in an operation which he deemed advisable to be 
performed upon the ankle-joint, but one in which only the os 
calcis was involved. The cause was caries of this bone, but 
the mode of extirpating it and the result are worthy of notice. 

The whole heel was enlarged and distorted. The foot had 
been poulticed and frequently lanced. Pieces of bone had 
been removed. Treatment availed but little. The patieut 
became a confirmed cripple and his general health was failing. 
It was determined to extirpate the os calcis. Two incisions 
were made through the integument — one vertical, the other 
horizontal — the latter, reaching from the outer side of the 
articulation with the cuboid, encircled the posterior end of 
the calcaneum, and stopped an inch behind the same joint on 
the inside of the foot. The former descended vertically, from 
a point an inch and a half above the lower attachment of the 
tendo-Achillis, to the latter. This tendon was severed and 
the outer surface of the os calcis exposed. The tendons of 
the two peronei were liberated and turned forwards, and the 
middle fasciculus of the external lateral ligament was cut. 
The posterior calcaneo-astragaloid articulation was entered, 
the strong inter-osseous ligament divided, and the anterior joint 
of the same name penetrated. The calcaneum was next freed 
from its connections with the cuboid and the short extensor 
muscle, and its under surface exposed. Lastly, the bone was 
separated from its attachments to the internal malleolus and 
scaphoid, and removed. No ligatures were required, and ves- 
sels, nerves and tendons were all avoided. The three flaps 
resulting were brought together and secured by suture and 
adhesive plaster. Cold-water dressings were employed, and, 
sixty days after the operation, the patient was walking about 
with a single crutch. He subsequently recovered complete 
use of his foot, and none but those who attended the operation 
would have imagined that the calcaneum had been ablated. 

Figures 30 and 87, plate VIII. are illustrative — one, of 
the partial resection of the os calcis — the other, of the inter- 
articular tarsal surfaces and tarso-metatarsal line of" joint. 
The case of removal of the entire calcaneum above reported, 
{ 3 ->■ her with the figure 36, which represents Chassaignac's 
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curvilinear incision, whether made on the internal or external 
aspect of the bone, serves to show the result of operation, the 
importance of abstaining from total removal of foot, and the 
benefit which conservative surgery may yield the patient. 

The same precautions in these operations upon the lower 
extremity should be observed as in tbose of the carpal and 
metacarpal joints, and a repetition of the rules, in regard to 
avoiding tendons, nerves, vessels and sheaths, is useless. 

Figures 38 and 39 are descriptive of operations intended 
for removal of entire metatarsal bones. The resection of th<- 
first and fifth is accomplished by first making a curved in- 
cision with a downward convexity — a, b, c, figure 38 — and 
extending it beyond the articulation of both extremities. The 
middle of the shaft is sawn through, after the soft parts have 
been carefully detached, and each fragment properly removed. 
The after-treatment is easily conducted by means of lint and 
cold-water dressings. 

The phalaDges of the foot are removable like those of the 
hand, and, as a general rule, should be attacked upon the 
plantar surface, if the last be involved, and the dorsal aspect, 
should either one of the others need excision. 
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